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ABSTRACT 


The  literature  concerning  evaporation  losses  from 
liquid  petroleum  has  been  reviewed  with  emphasis  on  that 
material  dealing  with  the  estimation  and  measurement  of  such 
losses.  The  available  methods  for  determining  evaporation 
losses  have  been  examined  in  detail  and  their  application  to 
crude  oils  has  been  discussed. 

The  determination  of  refractive  index  of  various 
crude  oils  and  their  residues  was  attempted.  The  results  of 
such  attempts  are  discussed. 

A  sample  of  crude  oil  from  Alberta*  s  Wizard  Lake  Field 
was  exposed  to  controlled  evaporation  for  varying  lengths  of 
time  resulting  in  residues  representing  from  approximately  two 
to  sixteen  percent  evaporation  loss.  The  original  crude  oil 
and  each  of  the  evaporation  residues  were  distilled  by  both  the 
Hempel  and  E'ngler  methods  and  the  resulting  distillate  fractions 
and  distillation  bottoms  were  examined. 

The  use  of  distillation,  API  gravity  midpercent  and 
yield  curves  for  the  purpose  of  evaporation  loss  estimation 


is  discussed. 
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I.  INTRODUCTION 

The  petroleum  industry  employs  the  term  evaporation  losses  to 
describe  the  decreases  in  quantity  of  liquid  petroleum  resulting  from  the 
escape  to  the  atmosphere  of  the  lower  boiling  point  constituents. 
Evaporation  losses,  for  many  years  ignored,  have  more  recently  become 
increasingly  important.  The  growing  interest  in  these  losses  has 
stemmed  from  the  increasing  demand  for  fuels  consisting  of  the  lower 
boiling  point  constituents. 

Attempts  by  petroleum  producers  to  measure,  estimate,  reduce 
or  eliminate  evaporation  losses  from  crude  oils  are  first  mentioned  in 
the  literature  during  the  early  1920‘s.  Since  that  time  these  problems 
have  been  the  subject  of  numerous  discussions  and  somewhat  fewer 
investigations.  These  endeavors  have  not  been  nearly  as  successful  as 
have  those  dealing  with  refined  products.  This  is  obviously  due  to  the 
fact  that  crude  oils  pose  problems  which  are  technically  more  difficult 
and  economically  seemingly  less  important  than  are  those  for  refined 
products. 

Before  serious  attempts  can  be  made  to  reduce  or  prevent 
evaporation  loss  there  must  exist  a  method  of  determing  the  quantity 
lost  and  thereby  the  value  of  the  lost  portion.  To  date  there  has  not 
been  a  satisfactory  method  of  estimating  evaporation  losses  from  crude 
oils.  Measurement  and  estimation  techniques  though  available  are 
unsatisfactory  since  they  are  either  inaccurate,  impractical  or  too 
costly. 

In  view  of  the  need  for  a  satisfactory  method  of  estimating 
evaporation  losses  from  crude  oils  this  project  has  concerned  itself 
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with  an  examination  of  presently  available  methods  and  the  possibility 
of  estimating  such  losses  by  comparing  refractive  index,  distillation, 
API  gravity  midpercent  and  yield  curves  for  a  partially  evaporated 
crude  oil  to  those  for  the  same  oil  at  some  reference  condition. 
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II.  LITERATURE  REVIEW 

The  loss  of  crude  oil  due  to  evaporation,  although  recognized, 

■was  for  many  years  neither  understood,  nor  given  serious  consideration 
but  was  merely  accepted  as  a  necessary  evil.  Although  this  topic  was 
the  subject  of  discussion  before  1920,  the  first  extensive 
investigation  was  carried  out  and  reported  in  1922  by  Wiggins  (27). 

In  this  paper  he  attributed  the  interest  in  this  topic  to  the  threat  of 
a  gasoline  shortage  in  the  United  States  during  1919 •  He  showed  the 
magnitude  of  evaporation  losses  to  be  of  the  order  of  6.2  percent  by 
volume.  Besides  suggesting  methods  of  measurement  and  improvements  in 
equipment  and  practices  he  emphasized  the  importance  of  these  losses  by 
demonstrating  that  the  losses  in  the  Mid-Continent  Field  alone  were 
equal  to  1.5  times  the  total  natural  gasoline  production. 

From  1922  to  the  present  the  magnitude  and  importance  of 
evaporation  losses  have  been  topics  of  numerous  discussions.  Schmidt’s  (22) 
survey  in  193^+  showed  that  losses  had  been  decreased  from  6.2  percent  to 
about  2.0  percent.  The  Oil  and  Gas  Journal  (20)  though  agreeing  with 
Schmidt  stated  that  although  the  decrease  in  losses  was  of  the  order  of 
kl  million  barrels  per  annum  much  remained  to  be  accomplished.  An 
investigation  in  1937  "by  Tucker  (25)  showed  that  a  stabilization 
temperature  of  l4o°F  resulted  in  a  decrease  in  API  gravity  of  3*3  degrees. 

He  emphasized  that  this  temperature  was  the  maximum  permitted  by  the 
Texas  Railroad  Commission.  Mauney  and  Vandaveer  (l6)  (193&)  demonstrated 
that  large  losses  could  be  incurred  by  the  processes  of  "rolling15  and 
emulsion  treating.  They  felt  that  Schmidt’s  (22)  estimate  of  2.0  percent 
was  much  too  low,  even  for  1938*  At  this  same  time  Ashley  (3)  upon 
surveying  the  topic  came  to  the  conclusion  that  the  importance  of  the 
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problem  had  been  realized  and  that  efforts  were  being  made  to  cope  with 
it,  but  that  such  efforts  lacked  coordination.  Bassler  (8)  in  1939 
discussed  the  importance  of  evaporation  and  gravity  losses.  He 
attributed  the  eastern  producers'  lack  of  interest  to  the  fact  that 
refiners  in  the  area,  since  they  were  primarily  interesting  in  lubricating 
oil  manufacture,  did  not  subscribe  to  gravity  price  differential.  After 
1939  others  such  as  the  Oil  and  Gas  Journal  (19,21),  Kallam  (15), 

Williams  (28),  D' Aragon  (10),  Nelson  (l8),  and  Huntington  (l4)  took 
up  the  task  of  informing  the  industry  with  regards  to  evaporation  loss, 
with  the  result  that  the  American  Petroleum  Institute  established  a 
committee  to  study  this  field.  The  Committee  published  its  first 
findings  in  1952  (l).  Although  this  first  work  considered  only  the  basic 
theory  and  mechanisms  and  their  application  to  specific  cases,  it  did 
establish  that  a  great  deal  of  work  was  yet  to  be  done.  The  bibliography 
cited  in  their  report  is  both  extensive  and  excellent. 

It  is  quite  evident  that  once  the  need  for  prevention  of 
evaporation  losses  was  established,  although  it  wasn't  unanimously 
accepted,  it  did  not  go  unheeded.  The  decrease  in  losses  from  6.2 
percent  to  2.0  percent  (22)  came  about  through  the  conversion  from 
open,  wooden,  storage  facilities  to  closed  steel  tanks  and  in  some 
instances  vapor  conservation  balloons  as  described  by  Bignell  (6,7). 

Tucker  (25)  disclosed  that  by  1937  stabilization  and  closed  system 
emulsion  treating  were  quite  common.  Kallam' s  (15)  review  of  crude  oil 
stabilization  to  the  year  19^3  showed  that  although  these  methods  were 
known  they  were  accepted  very  slowly. 

Since  both  the  need  for  decreasing  or  eliminating  evaporation 
losses  and  the  equipment  necessary  to  satisfy  this  need  were  gradually 

established,  why  were  they  not  accepted  more  rapidly?  The  literature 
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suggests  a  combination  of  reasons.  Chenicek  and  Whitman  (9)>  Mauney  and 
Vandaveer  (l6),  the  Oil  and  Gas  Journal  (l9>2l),  Williams  (28),  Viles 
and  Jones  (26),  Hill  (12)  and  the  American  Petroleum  Institute  (l,2), 
in  their  articles  from  1930  to  1957  >  leave  little  doubt  that  one,  if 
not  the,  important  reason  was  the  lack  of  an  adequate  method  of 
determination  of  the  exact  magnitude  of  evaporation  losses.  Bassler  (8) 
indicated  that  in  certain  regions  the  lack  of  acceptance  was  probably 
due  to  the  fact  that  refiners  did  not  establish  gravity  price  differentials. 
Hill  (12)  pointed  out  that  whereas  evaporation  loss  -  control  to  the 
refiner  and  pipeliner  represents  an  immediate  monetary  gain  to  the 
producer,  it  represents  a  small  immediate  gain  as  a  result  of  gravity 
conservation  and  a  somewhat  larger  deferred  gain  as  a  result  of  volume 
conservation.  It  was  to  the  producers’  uncertainity  of  the  magnitude 
of  evaporation  losses  and  the  economic  benefit  to  be  realized  from  the 
prevention  of  such  losses  that  he  attributed  the  slow  acceptance  of 
evaporation  control  practices. 

METHODS  OP  MEASURING  MD  ESTIMATING  EVAPORATION  LOSSES 

Methods  of  measuring  and  estimating  evaporation  losses  may  be 
classified  into  a  number  of  different  types.  The  most  logical 
classification  seems  to  be  that  reported,  in  1957 >  "by  the  API  (2). 

In  this  classification  all  methods  are  separated  into  four  general 
types,  viz.,  those  methods  dealing  with; 

1.  decreases  in  stock  volume. 

2.  changes  in  stock  properties. 

3.  measurements  of  vented  vapors. 

k.  special  techniques. 
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It  is  evident  from  the  literature  that  the  general  types  of 
methods,  with  the  exception  of  those  dealing  with  special  techniques, 
were  known  to  Wiggins  (27),  and  were  indeed  very  well  reviewed  by 
Chenicek  and  Whitman  (9)>  Ashley  (3)  and  the  API  (2).  Though  the 
types  of  methods  were  generally  known,  the  methods,  themselves,  were 
developed  gradually. 

All  of  the  methods  seem  to  have  only  one  thing  in  common  and 
that  is  that  not  one  of  them  is  completely  satisfactory.  It  is  felt 
that  the  application  and  limitations  of  the  various  methods  can  best  be 
appreciated  when  they  are  examined  in  detail.  The  various  methods  are 
therefore  presented  and  discussed  in  order  of  increasing  importance. 

1.  Special  Techniques 

The  general  type  of  methods  referred  to  as  Special  Techniques 
was  first  mentioned  in  1957  "by  the  API  (2).  In  this  type  were  included 
pilot  scale  tests  and  repeated  transfer  techniques.  Although  this 
source  mentions  only  these  two  methods  it  is  presumed  that  this  type 
would  include  all  those  methods  which  involve  simulated  rather  than 
actual  systems. 

Although  simulation  techniques  have  been  known  for  many  years 
and  have  been  employed  to  solve  other  problems,  there  does  not  seem  to 
be  any  evidence  of  their  being  used  for  the  measurement  of  evaporation 
losses  from  petroleum.  It  is  felt  that  this  has  been  due  to  the  nature 
of  such  technique  rather  than  to  an  oversight  on  the  part  of  the 
industry  concerned .  When  it  is  observed  that  in  order  to  effect 
simulation  all  the  necessary  variables  must  be  controlled  and  therefore 
measured  and  that  if  such  measured  quantities  were  available  the  desired 
results  could  be  obtained  much  more  quickly  and  economically  by 


,  -  '  '  -  - 11  -  '  '  '  -  1  S1 
K  i  -  .  .  7  .7...  9  ■  m .  -  •  -  -  ■  * 

v.  ,,  Lie  /  .  .  ■  •  t(TS)  .  ° . 

.  (i;)  RA  oxiu  %(  )  • 

is  I  ,  it  .  .  -  terts  91^  '  • . 

.  -77 

» 

. 

o-.:. al  $1  .  /  a fcfc  .  visits :  i  t  ft  -■  -  *o  -•  .  d  ii  l  $  •' 

VJ  ■  >  Kkfcd'  -  - 

.  ,  .  ....  .Ii  i  «  ■■  •  '  •  '  - 

.  *  ■  _  EX  '  '  O  ■  fj .  9361  JO  ;  w  •  -  ‘  ■  "  •' 

■a  t\  :•  i~  >x'x  1  os  .1 

■■ 

,7  sixld  «(£)  ■  ,  ,  . . -  ■  •  w 

:  ;  r  (o  ..  .  -  .  aai  '  *  ■  '  ■  ■  ■'  ■  :  "  ■  ■  ’  1 

'7  7.  •  .  :  .  7  .  i*  '■  1  ©WCf  i  -  1#  . -  ■  ■  ■  ■  5  •'  '  * 

xtedd  ■  .  . J . s*t  .  -■  .  .  . .  -  c .  •  ■■  -  v  •  ■  . -  .  ;  • 

•  ,  •  .  •  . . .  •  --  -  - 

o&  ..xtj  jo::  ucc  j  .  -x  Io  t \  . tiiciOT  ■  .aili  .  ovJI o..  oJ*  . jc:  :pi ..  el  n^tu  ov.oxl  joj 

• '  v."..;'.  7:0  -  .o  u  js  1911 , ;i : .  o  1  *  >  3  if  .'-  •  ■  . 

. .  7  s  ...  ...  '  .  .  -  •  -  '  ■  ■■  O' 

i  l&  ;  .>  ;•  i  .o'  no  d*  l-.L'j'..svo  ;.w  ex'-  ii  v--  ' 

■  • ;  ■ : t  -v  7  . •  .  $i  tarfW  .  3 

77.  ..J-  )rj,  :  i-.j.G'.-.&CtOO  to'  CkJJl.  ; :  SjICiJG.’  77J  .  V'.7  jfcit.  70C  '  I  C  [j  IlO  XXO.'.O.  7  '..V.  • 

•  ...  3  3  .  ill  .  ■•••  7.7  .  enm  -  .  rfox?a  d-  .7  ....  .■  1 


7 


calculation  than  by  simulation  it  becomes  quite  obvious  that  such 
techniques  have  a  very  limited  field  of  application. 

With  the  above  observation  as  a  basis  it  seems  reasonable  to 
assume  that  in  the  future  such  techniques,  though  they  may  be  used  in 
dealing  with  refined  products  and  design  problems,  will  see  very  limited 
application  in  the  production  and  transportation  of  crude  oil. 

2.  Measurements  of  Vented  Vapors 


This  particular  type  of  method  was  first  mentioned  by 
Schmidt  (22).  The  various  techniques  of  this  type  although  thoroughly 
discussed  (22,9>3>1>2) ,  have  never  been  employed  very  extensively. 

Techniques  of  this  type  available  at  present  are  four  in 
number,  namely  those  involving, 

(a)  the  sorption  and  measurement, 

(b)  the  measurement  of  volume  and  the  estimation 
of  analysis, 

(c)  the  measurement  and  analysis, 

(d)  the  estimation  of  both  volume  and  analysis, 

of  the  vented  vapors.  With  the  exception  of  those  instances  in  the 
first  technique  where  the  sorption  medium  is  a  liquid,  the  data  must 
be  processed  to  express  the  loss  in  terms  of  liquid  volume. 

These  methods  have  not  been  widely  accepted  because  of  the 
following; 

(1)  estimation  techniques,  although  well  developed  (13,1), 
yield  results  of  limited  accuracy  since  they  involve  the 
use  of  properties,  materials,  and  conditions  of  operation 
which  are  extremely  difficult  to  measure. 

(2)  analysis  techniques  are  both  time  consuming  and  expensive. 

(3)  measurement  techniques, 

(i)  require  elaborate  facilities,  if  accurate  results 
are  to  be  obtained. 

(ii)  require  that  all  of  the  vapors  must  pass  through 
the  measuring  equipment. 
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(iii)  may  impose  conditions  on  a  system  such  that  the 
evaporation  conditions  may  be  sufficiently 
altered  to  nullify  the  results. 

(iv)  involve  facilities  which  are  cumbersome  and  costly, 

(v)  are  time  consuming  and  expensive. 

For  these  same  reasons  it  does  not  seem  likely  that  the  use  of  these 

methods  will  increase  rapidly  in  the  future. 

3.  Decreases  in  Stock  Volume 

Methods  of  this  type,  though  no  doubt  known  much  earlier,  were 
used  and  mentioned  by  Wiggins  (27).  The  available  methods  we re  discussed 
and  examined  by  Wiggins  (27),  Chenicek  and  Whitman  (9)*  Schmidt  (22), 
Ashley  (3)  and  the  API  (2). 

All  the  techniques  of  this  type  involve  the  measurement  of 
liquid  volume  before  and  after  loss  due  to  evaporation  has  occurred. 

They  differ  only  in  the  manner  in  which  volume  is  determined. 

Until  recently  volumes  were  measured  by  determining  the  depth 
of  liquid  in  a  "strapped''  or  calibrated  vessel  with  the  aid  of  a  steel 
tape  or  hook  gage,  and  making  appropriate  temperature  corrections.  A 
method  which  has  recently  received  limited  acceptance  employs 
positive  displacement  meters.  The  determination  of  volume  from 
measurements  of  hydrostatic  pressures  is  being  developed  (2). 

Since  methods  of  this  type  were  used  in  the  determination  of 
volume  for  the  purpose  of  custody  transfer  it  would,  at  first  glance, 
appear  that  they  should  have  been  adequate  for  the  measurement  of 
evaporation  losses.  The  literature  (9*22,3,2)  indicates,  however,  that 
the  adequacy  of  such  methods  was  continually  questioned.  The  objection 
to  these  methods  dealt  with  measuring  accuracy, losses  due  to  other 
causes,  measurement  before  evaporation,  presence  of  foreign  materials, 
and  measurements  in  working  storage.  Though  these  objections  we re 
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voiced  and ■ discussed  no  one  source  contains  a  complete  discussion  of  all 
of  the  objections.  For  this  reason  each  of  the  objections  warrants 
examination. 

(a)  Accuracy 

The  accuracy  with  which  volume  measurements  may  be  obtained 
through  the  use  of  calibrated  tanks  and  steel  tapes  or  hook  gauges  is 
dependant  upon,  the  accuracy  of  the  tank  calibration,  the  effects  of 
time  and  temperature  on  the  volume  of  the  tank  and  the  accuracy  of  the 
tape  or  gauge,  and  the  care  with  which  the  tape  or  gauge  is  used.  The 
suggestion  by  Schmidt  (22)  that  extreme  accuracy  could  be  realized  if 
gauges  were  read  to  the  nearest  thirty- second  of  an  inch  and  the 
appropriate  corrections  were  made  to  account  for  changes  in  tank 
volume  and  gauge  length  due  to  temperature  variation  is  misleading, 
since  it  confuses  precision  with  accuracy. 

The  hand  gauging  technique  is  at  present  used  almost 
exclusively  for  the  determination  of  volume  for  custody  transfer 
purposes.  The  accepted  practice  consists  of  reading  the  gauge  to  the 
nearest  one  quarter  inch  and  often  times  to  the  nearest  one  half  inch 
with  no  gauge  length  or  tank  volume  correction  for  temperature  variation. 
This  practice  is  based  upon  experience  which  has  shown,  that  temperature 
corrections,  for  other  than  liquid  expansion  or  contraction,  although 
important  are  impractical  in  field  operation  because  of  the  data 
required.  It  has  also  been  shown  that  the  reading  of  gauges  with 
greater  precision  than  presently  used  does  not  increase  the  measuring 
accuracy  appreciably.  This  is  due  to  the  presence  of  other  variables 
such  as  temperature,  heights  of  tank  bottoms  and  roofs  and  settling 
of  tanks.  The  accuracy  attained  with  the  use  of  these  techniques 
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is  probably  of  the  order  of  one  to  two  percent  as  compared  to  the  three 
hundredths  of  one  percent  suggested  by  Schmidt  (22). 

Recent  studies  in  "automatic  custody  transfer"  indicate  that 
in  the  future  measurement  -will  be  effected  by  means  of  some  form  of 
positive  displacement  meter  with  a  measuring  accuracy  of  one  percent  or 
better.  On  this  basis  it  seems  that  the  measurement  of  volume  with  an 
accuracy  of  one  half  of  one  percent  is  not  unrealistic. 

Although  volume  measurement  techniques  of  greater  accuracy  were 
and  still  are  desirable  the  available  techniques  cannot  be  thought  of 
as  inadequate  for  the  purpose  of  evaporation  loss  determination  on  the 
basis  of  measuring  accuracy.  The  folly  of  suggesting  techniques  for 
evaporation  loss  measurement  of  greater  accuracy  than  that  used  for 
custody  transfer  is  evident.  Such  suggested  techniques  have  at  least 
in  part  been  responsible  for  the  lack  of  acceptance  of  evaporation  loss 
control. 

(b)  Losses  Due  To  Other  Causes 

One  of  the  more  important  shortcomings  of  all  evaporation  loss 
determination  techniques  involving  the  measurement  of  decreases  in  volume 
is  that  such  techniques  cannot  distinguish  between  losses  due  to 
evaporation  and  losses  due  to  other  causes.  That  variation  in  volume 
could  result  from  leakage  or  spillage  of  oil  or  water  out  of  a  storage 
vessel  has  been  well  known.  The  effect  of  such  volume  changes  on  the 
determination  of  evaporation  losses  has  been  discussed  by  Chenicek  and 
V/hitman  (9)  and  Ashley  (3)  but  because  of  itsobvious  nature  has  received 
much  less  literature  coverage  than  has  measuring  accuracy  even  though 


it  is  the  more  important. 
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( c)  Measurement  Before  Evaporation 

The  most  serious  objection  to  the  techniques  under  discussion 
stems  from  the  fact  that,  in  the  production  of  crude  oil  in  particular, 
it  has  been  virtually  impossible  to  determine  liquid  volume  before 
evaporation  has  occurred.  These  techniques  have  not  provided  a  means 
of  detecting  those  losses  that  occur  as  a  result  of  treating,  handling 
and  other  production  practices.  It  is  primarily  on  this  basis  that 
these  techniques  must  be  deemed  wholly  inadequate. 

Tucker's  (25)  demonstration  that  emulsion  treating  could  result 
in  a  decrease  in  API  gravity  of  3*3  degrees  and  Mauney  and  Vandaveer’s  (l6) 
indication  that  a  decrease  of  1.0  degrees  API  resulted  in  a  volume  decrease 
of  approximately  2.6  percent  coupled  with  the  fact  that  such  losses  are 
not  normally  detected  by  volume  measurement,  demonstrates  the  shortcomings 
of  the  techniques  in  question.  The  literature,  however,  contains  no 
specific  discussion  of  this  topic. 

(d)  Presence  of  Foreign  Materials 

The  presence  of  foreign  materials  such  as  water  and  or  solids 
may  have  a  direct  bearing  on  the  application  of  volume  measurement 
techniques,  only  in  the  instances  that  they  enter  the  measuring  vessel 
subsequent  to  its  being  filled.  Indirectly,  such  materials  affect 
evaporation  detection  by  volume  measurement  techniques  only  in  those 
cases  where  removal  of  these  materials  may  cause  evaporation  not 
detectable  by  these  means  and  where  the  accumulations  of  such  materials 
may  affect  gauging  accuracy. 

(e)  Working  Storage 

Any  facility  used  for  the  storage  of  a  material  in  such  a 
manner  that  the  residence  time  of  the  material  is  short  as  compared  to 
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the  time  required  to  fill  and  empty  the  facility,  is  referred  to  as 
working  storage.  Surge  tanks,  "rundown"  tanks  and  crude  oil  production 
tanks  are  examples  of  this  type  of  facility. 

Since  material  is  almost  continually  being  transferred  to  or 
from  working  storage  determinations  of  volume  in  such  facilities  are 
more  difficult  and  less  accurate  than  they  are  in  standing  storage. 

The  determination  of  evaporation  losses  from  working  storage  by  means 
of  hand  gauging,  even  in  those  instances  where  elaborate  inventory  taking 
techniques  are  employed,  is  virtually  impossible. 

When  it  is  observed  that  accurate  inventories  have  been 
unobtainable  in  the  production  of  crude  oil  it  is  understandable  that 
the  application  of  hand  gauging  techniques  to  evaporation  loss 
determination  in  this  field  wasn't  successful.  Although  the  inadequacy 
of  such  techniques  is  discussed  by  Chenicek  and  Whitman  (9)  and  the 
API  (2)  it  is  suggested  by  the  API  (2)  that  the  development  of  accurate 
positive  displacement  meters  may  permit  the  determination  of  evaporation 
losses  by  volume  measurement  techniques. 

In  summary  it  is  observed  that  the  determination  of  evaporation 
losses,  from  produced  crude  oil,  by  the  measurement  of  stock  volumes 
has  not  been  and  presently  is  not  a  reliable  practice.  Furthermore, 
because  of  the  numerous  shortcomings  of  such  techniques,  it  seems 
unlikely  that  the  perfection  of  an  accurate  displacement  meter  will 
increase  the  reliability  of  such  methods  to  the  point  where  they  may 
be  considered  adequate. 
k.  Changes  in  Stock  Properties 

Since  Wiggins  (27)  observed  changes  in  distillation  and  Baume 


gravity  curves  resulting  from  losses  due  to  evaporation,  there  have  been 
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numerous  attempts  to  estimate  such  losses  by  observing  changes  in  stock 
properties.  Some  of  the  properties  examined  have  been; 

(a)  Specific  gravity 

(b)  Baume*  gravity 

(c)  API  gravity 

(d)  density 

(e)  distillation  temperature 

(f)  vapor  pressure 

(g)  refractive  index 

The  methods  of  observation  and  interpretation  employed  by  the 
various  investigators  have  been  both  varied  and  numerous.  These  methods 
are  herein  examined  in  detail  on  the  basis  of  the  property  examined. 

(a)  Specific  Gravity 

Wiggins  (27)  made  the  observation  that  losses  increased  the 
specific  gravity  of  a  crude  and  that  if  the  specific  gravities  of  the 
crude  oil  before  and  after  evaporation  along  with  that  of  the  evaporated 
portion  were  known  the  percent  volume  lost  could  be  calculated.  Since 
it  was  impossible  to  measure  the  specific  gravity  of  the  evaporated 
portion  he  devised  a  method  of  estimating  this  quantity  from  distillation 
data. 

The  method  for  estimating  the  specific  gravity  of  the  evaporated 
portion  consisted  of  the  comparison  of  the  Baume  gravity  midpercent 
curve  for  the  oil  before  evaporation  with  that  after  evaporation.  Since 
the  two  curves  were  of  similar  shape  it  was  proposed  that  the  portion 
of  the  curve  for  the  unevaporated  crude  above  the  initial  point  of  the 
curve  for  the  evaporated  crude  represented  the  evaporated  portion.  The 
gravity  was  then  obtained  by  integral  averaging. 

It  is  felt  that  such  a  method  is  not  valid  for  two  reasons. 
Firstly,  Baume  gravity,  since  it  is  not  an  additive  property  (17), 
does  not  lend  itself  to  integral  averaging  and  therefore,  strictly 
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speaking,  should  not  be  averaged,  neither,  for  the  construction  of  midpercent 
curves  nor  for  the  obtaining  of  an  average  value  for  a  finite  fraction. 
Secondly,  the  assumption  that  the  upper  portion  of  the  curve  for  the 
unevaporated  crude  in  fact  represents  the  evaporated  portion  is  only 
true  when  the  evaporation  and  distillation  processes  are  identical. 

Since  a  large  variation  is  possible  in  both  processes  it  is  questionable 
whether  such  an  assumption  can  be  deemed  valid  for  a  variety  of  cases, 
despite  its  validity  in  the  case  cited. 

This  method  of  estimation  is  discussed  by  Chenicek  and  Whitman  (9) 
and  Schmidt  (22). 

(b)  Baume*  Gravity 

/ 

The  estimation  of  evaporation  losses  from  a  comparison  of  Baume 
gravity  midpercent  curves  is  suggested  by  Wiggins  (27).  In  this  work 
Baume  gravity  midpercent  curves  were  established  for  the  unevaporated 
and  evaporated  crude  oil.  It  was  found  that  the  two  curves  were 
similar  in  appearance  and  that  if  the  values  of  percent  distilled,  for 
the  curve  obtained  from  the  evaporated  crude,  were  divided  by  (l-x),  x 
being  the  volume  fraction  lost  due  to  evaporation,  the  curve  resulting 
was  nearly  parallel  to  that  for  the  unevaporated  crude.  It  was  then 
demonstrated  that  a  point  could  be  found  such  that  the  horizontal 
separation  between  the  two  curves  was  equal  to  the  evaporation  loss. 

This  method  as  cited  requires  the  knowledge  of  the  extent  of 
evaporation  loss  if  the  required  correction  is  to  be  made.  This  could 
probably  be  circumvented  by  merely  rotating  the  curve,  for  an 
evaporated  crude,  about  the  initial  point  into  a  parallel  position 
with  regards  to  the  reference  curve.  The  validity  of  this  or  the 
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original  method  cannot  be  fully  discussed  on  the  basis  of  the  original 
work  since  only  two  curves,  viz.,  the  reference  curve  and  one  evaporation 
curve,  were  presented. 

It  appears  that  shortly  after  Wiggins'  (27)  paper  the  petroleum 

r 

industry  adopted  the  API  gravity  scale  to  replace  the  Baume  scale. 

In  any  event  there  is  no  further  mention  of  the  use  of  Baume  gravity 
for  the  estimation  of  evaporation  loss. 

(c)  API  Gravity 

The  use  of  the  change  in  API  gravity  of  a  stock  for  the  purpose 

of  estimating  evaporation  loss  no  doubt  resulted  from  the  early  work  on 

Baume  gravity.  The  use  of  the  API  gravity  for  estimation  of  losses  was 

first  mentioned  by  Chenicek  and  Whitman  (9)  who  stated  that  good 

estimations  could  be  made  for  large  losses  but  that  a  knowledge  of  the 

effect  of  loss  on  gravity  for  any  stock  was  necessary.  They  observed 

that  for  gasolines  a  change  of  1  degree  API  was  accompanied  by  a  volume 

loss  of  2.5  to  3»0  percent.  Tucker  (2 5),  in  reviewing  stabilization 

practices,  observed  that  by  increasing  the  temperature  of  crude  oils  to 
,  o 

140  F  a  decrease  of  3*3  degrees  API  could  result. 

The  first  attempt  to  correlate  changes,  in  API  gravity  and 
volume,  resulting  from  evaporation  was  made  by  Mauney  and  Vandaveer  (l6). 
By  plotting  "Degrees  API  Loss  versus  Percent  Volume  Change"  they 
established  a  linear  relationship  such  that  a  2.6  percent  decrease  in 
volume  resulted  in  a  1.0  degree  decrease  in  API  gravity.  Bassler  (8), 
however,  plotted  "API  Gravity  versus  Loss  Percent",  for  seven  different 
crude  oils  and  demonstrated  that  the  relationship  was  not  generally 
linear,  but  that  API  gravity  decreased  with  volume  at  a  decreasing  rate. 
The  latter  data  were  obtained  by  calculation  from  distillation  results. 
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The  method  of  calculation  and  the  use  of  the  resulting  data  for  the 
estimation  of  evaporation  loss  was  suggested  hut  no  comparison  was 
made  between  this  work  and  that  of  Mauney  and  Vandaveer  (l6). 

Whereas  Mauney  and  Vandaveer  (l 6)  carried  out  field  investigations 
and  Bassler  (7)  proposed  the  examination  of  distillation  data, 

Huntington  (l4)  examined  seven  Oklahoma  and  Texas  crude  oils  by  placing 
them  into  1000  millimeter  open  cylinders  and  permitting  atmospheric 
evaporation  over  long  periods  of  time.  By  plotting  "Volume  versus  API 
Gravity"  he  found  that  as  evaporation  progressed  the  differential  shrinkage 
per  degree  API  increased  from  about  2.0  to  9»0.  He  observed  that  the 
previously  accepted  ratio  of  2.5  was  in  error.  Although  he  suggested 
that  the  variation  in  the  differential  shrinkage  per  degree  API  could 
be  attributed  to  the  variation  in  composition  of  the  evaporated  portion 
he  did  not  compare  his  observations  with  those  of  Bassler  (7)  nor  did 
he  suggest  the  use  of  such  observations  for  the  purpose  of  evaporation 
loss  determination. 

Since  API  gravity  has  long  been  taken  to  indicate  roughly  the 
composition  and  therefore  the  quality  of  a  crude  oil  its  use  for  the 
estimation  of  evaporation  losses  has  long  been  favored.  It  is  quite 
evident  that  a  differential  shrinkage  per  degree  API  of  2. 5  Has  been 
used  to  estimate  evaporation  loss  (28).  Hill  (l2)  pointed  out  that  its 
use  is  satisfactory  where  accuracy  is  not  too  important.  He  suggested 
that  for  more  exacting  estimations  the  relationship  of  volume  loss  to 
API  gravity  loss  should  be  established  for  each  case  as  this  relationship 
is  dependant  upon  the  manner  in  which  evaporation  occurs. 


Though  both  the  abovementioned  approaches  have  been  known  and 
used  neither  has  gained  wide  acceptance.  This  lack  of  acceptance  was 
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probably  due  to  the  fact  that  the  relationship  of  API  gravity  to  volume 
is  dependant  upon  composition  and  method  of  evaporation  as  well  as  the 
fact  that  volume  and  API  gravity  changes  accompany  phase  separations 
other  than  those  due  to  evaporation.  The  latter  factor  has  posed  the 
question  of  separating  those  effects  due  to  oil  gas  separation  and  those 
due  to  evaporation.  As  a  result  there  has  not  been  developed  a  method 
of  determining  a  reference  point  or  point  of  zero  evaporation  loss. 

(d)  Density 

The  use  of  changes  in  density  as  a  means  of  estimating  losses 
due  to  evaporation  was  recently  suggested  by  the  API  (2).  This  method 
proposes  that  a  sample  of  unevaporated  stock  be  subjected  to  controlled 
evaporation  by  bubbling  air  through  it.  A  periodic  examination  of  the 
volume  and  density  of  the  sample  permits  the  establishment  of  a  relationship 
between  the  density  and  volume  percent  loss.  Such  a  relationship  may  then 
be  used  to  estimate  evaporation  loss  from  the  stock  in  question. 

It  is  felt  that  although  this  method  may  be  quite  satisfactory 
for  refined  products  it  is  not  satisfactory  for  crude  oils.  This 
thinking  is  based  on  the  fact  that  this  method  is  similar  to  those  cited, 
employing  specific,  Baume  and  API  gravities  anci  as  a  result  suffers  from 
the  same  inaccuracies.  These  inaccuracies  stem  from  the  assumption  that 
the  compositions  of  the  unevaporated  stocks  remain  essentially  constant 
and  that  the  process  of  evaporation  employed  in  developing  the  relationship 
to  be  used  for  the  purpose  of  estimation  is  identical  to  the  actual 
evaporation  process. 

(e)  Distillation  Temperature 

The  use  of  temperature  or  distillation  curves  was  suggested  by 
Wiggins  (27).  The  method  proposed  was  very  similar  to  that  suggested  by 
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him  concerning  the  use  of  Baume  gravity  midpercent  curves.  It  consisted 
of  measuring  the  separation  between  a  corrected  curve  for  an  evaporated 
stock  and  a  curve  for  the  unevaporated  stock.  This  method  poses  a 
difficulty  similar  to  the  one  concerning  the  use  of  Baume  gravity  curve  s 
in  that  the  correction  of  the  curve  for  the  evaporated  stock  is  of 
necessity  a  trial  and  error  procedure.  The  fact  that  the  method  lacked 
confirmation  since  only  two  curves  were  presented  was  also  common  to 
both  methods.  A  further  disadvantage  of  this  approach  lies  in  the  fact 
that  in  general  distillation  curves  are  not  as  smooth  as  are  gravity  or 
density  curves  since  the  accurate  measurement  of  temperature  is  more 
difficult  than  is  that  of  gravity  or  density. 

There  is  evidence  that  the  change  of  slope  of  the  USBM 
distillation  curve  at  the  10  percent  point  was  used  as  a  basis  for 
evaporation  loss  determination.  Other  than  Ashley’s  (3)  statement  to 
the  effect  that  in  1938  this  method  was  no  longer  used  because  of  its 
inaccuracy,  information  concerning  this  method  does  not  seem  to  be  readily 
available . 

Methods  of  evaporation  loss  estimation  from  temperature  or 
distillation  data  were  evidently  neither  as  well  examined  nor  accepted 
as  those  employing  gravity.  This  appears  to  have  been  due  to  the  fact 
that  the  methods  developed  did  not  seem  to  be  in  any  way  superior  to 
those  employing  gravity  (9),  but  had  a  slight  disadvantage  in  that 
temperature  data  were  not  as  useful  as  were  gravity  data  for  determining 
the  general  quality  of  a  stock. 

(f )  Vapor  Pressure 

The  use  of  changes  of  vapor  pressure  of  a  stock  for  the 
estimation  of  evaporation  loss  was  first  suggested  by  Stauffer,  Roberts 
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and  Whitman  (24)  and  was  subsequently  applied  and  discussed  by  Chenicek 
and  Whitman  (9)»  The  original  paper  proposed  a  method  whereby  vapor 
pressures  could  be  determined  for  any  one  sample  with  different 
percentages  evaporated  therefrom.  The  evaporation  within  the  equipment 
was  effected  by  bubbling  air  through  the  sample  and  the  absolute  vapor 
pressure  was  obtained  by  means  of  manometers.  Successive  evaporations 
and  determinations  were  made  until  approximately  5  percent  had  been 
evaporated o  When  the  data  obtained  were  plotted  on  semi-log  paper  as 
vapor  pressure  versus  percent  evaporated  a  smooth  curve  resulted. 

This  method  of  examination  was  applied  to  an  unevaporated  stock 
and  to  samples  of  the  stock  which  had  suffered  varying  degrees  of 
evaporation  loss.  The  evaporation  data  obtained  from  the  examination, 
when  plotted  simultaneously,  resulted  in  a  family  of  almost  parallel  curves. 
It  was  shown  that  the  average  separation  between  these  curves  could  be 
used  to  estimate  evaporation  loss. 

This  method  was  subsequently  discussed  by  Schmidt  (22), 

Ashley  (3)  and  the  API  (2).  In  the  API  work,  however,  the  use  of  a 
modified  Chenicek -Whitman  apparatus  was  suggested.  The  discussions 
leave  little  doubt  that  the  method  is  accurate  for  the  estimation  of 
small  losses  from  refined  products  other  than  pure  compounds  and 
narrow  fractions. 

There  is  no  evidence  of  the  acceptance  of  this  method  for 
the  estimation  of  evaporation  losses  from  crude  oils.  This  method,  if 
used,  would  encounter  similar  difficulties  to  those  encountered  using  the 
API  gravity  method.  It  would  have  the  added  disadvantage  of  using 
delicate,  cumbersome  and  stationary  test  equipment.  As  such,  this 
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equipment  is  not  suitable  for  field  use. 

A  method  for  the  estimation  of  evaporation  losses  from  refinery 
surfaces  was  presented  by  Viles  and  Jones  (26).  They  recognized  that 
the  evaporation  of  an  oil  into  a  stream  of  air  represented  a  diffusion 
process.  Accordingly,  they  assumed  the  principal  variables  influencing 
the  rate  of  such  air  evaporation  to  be,  the  vapor  pressure  of  the  oil 
and  the  air  velocity.  Using  laboratory  data  obtained  on  various  refinery 
waste  oils  they  plotted  rate  of  evaporation  per  unit  area  as  a  function 
of  vapor  pressure  using  wind  velocity  as  a  parameter.  They  then 
demonstrated  that  with  such  a  correlation  and  a  knowledge  of  vapor 
pressure,  average  wind  velocity,  the  area  of  the  free  surface  and 
exposure  time  the  evaporation  loss  could  be  estimated. 

Since  it  was  felt  that  at  that  time  no  adequate  vapor  pressure 
determination  procedure  was  available,  a  method  for  estimating  it 
was  designed.  The  method  used,  consisted  of  performing  a  true  boiling 
point  type  distillation,  converting  the  fractions  to  a  mole  basis  by 
means  of  a  correlation  of  volume  per  mole  as  a  function  of  average 
boiling  point  and  calculating  the  vapor  pressure  using  a  Cox  type 
correlation  of  vapor  pressure  versus  temperature  with  boiling  point 
as  a  parameter. 

This  method,  though  different,  is  no  more  applicable  than  is 
that  of  Chenicek  and  Whitman  (9)  since  the  true  boiling  point  apparatus 
is  more  cumbersome,  costly  and  stationary  than  is  the  vapor  pressure 
apparatus. 

(g)  Refractive  Index 

Benkovskii  (5)  observed  that  refractive  index,  since  it  is  an 
additive  property,  could  be  used  to  determine  evaporation  loss.  He 
stated  that  a  crude  oil  could  be  considered  as  being  a  binary  system 
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composed  of  that  fraction  that  became  lost  as  a  result  of  evaporation 
and  that  fraction  which  remained  after  evaporation.  He  showed  that 
if; 

nQ  =  the  refractive  index  before  loss  occurred 
n^  =  the  refractive  index  after  loss  occurred 
n^  =  the  refractive  index  of  the  lost  portion 
a  =  volume  fraction  of  evaporation  residue 
b  =  volume  fraction  of  the  lost  portion 

then: 

no  =  anx  +  bn2  (l) 


He  then  suggested  that  if  a  small  quantity  (volume  fraction  =  c) 
of  a  third  component  of  refractive  index  n,  were  added  to  the  original 
crude  oil  the  refractive  index  of  the  resultant  mixture  became  nn 
and, 


nc  =  an-^  +  (l-a-c)  n^  +  cnn 

3 


He  concluded  that  if  c  were  sufficiently  small  so  that  the  a's  in 
equation  (l)  and  (2)  were  essentially  equal  then  the  two  equations 
could  be  combined  to  solve  for  a,  as  follows: 


a  = 


cn  -1-  n  -  n  -  cn 
o  c  o  3 

cnl  +  nc  -  nQ  -  cn3 


(3) 


By  means  of  another  mathematical  approach  he  suggested  that  the 
quantity  a  could  also  be  calculated  as  follows: 


a  =  -  noi  +  _K_  (6) 

(n-3  -  nn  )  100 

5  1  b 

Where:  K  is  a  constant  dependant  upon  the  ratio  c. 
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It  was  reported  that  this  method  had  been  successfully  applied 
to  numerous  USSR  crude  oils.  Mention  was  made  of  the  fact  that  in 
several  instances  the  use  of  this  method  resulted  in  large  errors 
because  the  crude  oils  examined  did  not  behave  as  additive  mixtures. 

It  was  suggested  that  in  such  instances  a  laboratory  evaporation  be 
conducted  until  the  refractive  index  of  the  residue  is  identical,  to 
that  of  the  evaporated  crude  oil  and  that  the  loss  due  to  evaporation 
be  calculated  in  this  manner. 

Since  there  is  no  other  mention  of  this  method  it  does  not 
seem  that  it  has  been  adopted  to  an  appreciable  extent. 

Casual  examination  of  this  method  suggests  that  it  suffers 
from  most  of  the  disadvantages  of  the  specific  gravity  methods.  It 
is  superior,  however,  on  the  basis  that  the  equipment  can  easily  be 
transported.  It  may  also  be  superior  if  refractive  index  can  be 
measured  with  greater  accuracy  than  can  specific  gravity.  In  any 
event  the  method  warrants  further  investigation. 
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III  EXPERIMENTAL  EQUIPMENT 

Since  the  investigation  was  directed  toward  the  development  of 
techniques  which  could  he  applied  in  the  field,  most  of  the  equipment 
employed  consisted  of  readily  available  components  which  could  be 
transported  and  assembled  at  a  field  installation.  The  choice  of 
volume  and  gravity  determination  equipment  was,  however,  based  on 
a  desire  for  more  accurate  results  than  would  normally  be  obtained  in 
a  field  test. 

Refractive  Index  Apparatus 

Refractive  index  was  observed  with  a  Bausch  and  Lomb 
Abbe  -  3 L  ref rac tome ter.  The  refractometer  was  maintained  at  constant 
temperature  by  means  of  a  2.5  gallon  capacity  Precision  Scientific 
Number  66600  constant  temperature  circulating  bath,  shown  in  figure  1. 

In  order  to  maintain  the  temperature  of  the  bath  below  that 
of  the  surroundings  the  bath  was  modified  by  the  addition  of  a 
one -sixth  horsepower  Universal  Cooler  Company  refrigeration  unit.  The 
combined  unit  was  so  assembled  that  the  water  cooling  coil  of  the 
original  bath  served  as  the  evaporation  coil  for  the  refrigeration  unit, 
as  indicated  in  figure  2. 

It  was  found  that,  with  constant  refrigeration  and  intermittant, 
thermostatically  controlled,  heat  input,  the  modified  bath  was  capable 

of  circulating  60  -  0.1°F  water  at  rates  up  to  3  gallons  per  minute. 

* 

Evaporation  Apparatus 

The  apparatus  used  to  effect  controlled  evaporation  was  similar 
to  that  suggested  by  the  API  (2),  in  the  density  change  method.  The 
actual  apparatus,  as  shown  in  figure  3>  consisted  of  a  nitrogen  cylinder 
with  standard  pressure  regulator,  a  needle  valve,  a  Matheson  Company 
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Figure  1  REFRACTOMETER  AND  BATH 


Figure  2  MODIFIED  CONSTANT  TEMPERATURE  BATH 
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0-10  CFH  air  rotameter,  a  standard  one  liter  three  neck  distilling 
flask  with  ground  glass  joints,  two  ground  joint  extension  tubes,  a 
specially  blown  aerating  tube  with  perforated  bulb  and  ground  joint 
fitting,  a  magnetic  stirrer  with  a  teflon  coated  bar  and  a  2  kilogram 
analytical  balance. 

The  perforated  bulb  of  the  aerating  tube  was  positioned  at 
about  the  center  of  the  evaporation  flask  as  shown  in  figure  4.  A 
perforated  rather  than  a  sintered  bulb  was  used,  since  it  was  felt 
that  a  sintered  bulb  would  be  difficult  to  clean.  Although  it  was 
realized  that  the  use  of  a  sintered  bulb  might  have  increased  the  rate 
and  uniformity  of  evaporation,  it  was  felt  that  the  use  of  a  perforated 
bulb,  with  constant  agitation  by  means  of  a  magnetic  stirrer,  would 
yield  adequate  results. 

Distillation  Apparatus 

Two  types  of  distillations  were  conducted  so  as  to  observe  the 
effect  of  the  degree  of  fractionation  on  the  distillation  and  property 
curves.  In  both  methods  a  modified  ASTM  (4)  apparatus  was  used,  as 
indicated  in  figure  5*  The  modifications  common  to  both  methods 
consisted  of,  a  covered  polyethylene  funnel  adapter,  at  the  exit  end 
of  the  condenser,  and  a  constant  temperature  distillate  receiving 
apparatus.  Both  modifications,  shown  in  figure  6,  were  designed  to 
minimize  distillation  losses. 

The  first  method  of  distillation,  referred  to  as  the  Hempel 
type,  employed  a  distillation  flask,  fractionating  column,  condenser, 
board  and  support,  source  of  heat  and  a  thermometer  of  the  type 
prescribed  by  the  ASTM  (4).  These  components  were  assembled  as  shown 
in  figure  7*  This  method  was  modified  by  removing  the  fractionating 
column  to  form  the  second  method,  shown  in  figure  8,  and  referred  to. 
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Figure  3  EVAPORATION  APPARATUS 


Figure  4  EVAPORATION  FLASK 
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Figure  5  DISTILLATION  APPARATUS 
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Figure  6  MODIFICATIONS  OF  DISTILLATION  APPARATUS 
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Figure  7  HEMEEL  FLASK  AND  COLUMN 


Figure  8  ENGLER  FLASK  AND  COLUMN 
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in  this  paper,  as  the  Engle r  type. 

Distillate  Receiving  Apparatus 

To  facilitate  the  collection  of  small  fractions,  25  milliliter 
graduated  test  tubes,  with  0.5  milliliter  subdivisions,  were  used  as 
receivers. 

It  was  found  that  by  constructing  a  circular  test  tube  holder 
and  by  placing  it,  on  a  pivot,  in  a  water  bath,  the  receivers  could  be 
changed  rapidly  while  they  were  being  maintained  at  a  constant  temperature. 
The  actual  design,  as  shown  in  figure  9j  consisted  of  a  lucite  rack, 
capable  of  holding  twelve  receivers,  centrally  pivoted  in  a  small  cylindrical 
lucite  tank,  through  which  water  could  be  circulated. 

The  circulating  constant  temperature  bath  mentioned  under 
Refractive  Index  Apparatus,  and  shown  in  figure  2,  was  used  to  circulate 
water  through  the  receiver  changing  apparatus.  When  circulation  through 
the  apparatus  was  first  attempted  the  empty  receivers  were  bouyed  up  by 
the  water  thereby  making  the  changing  of  receivers  impossible.  This 
difficulty  was  alleviated  by  bonding  sheet  styrafoam  to  the  upper  disc 
of  the  test  tube  holder  and  cutting  the  corresponding  holes  so  that  they 
were  of  slightly  smaller  diameter  than  that  of  the  receivers.  The 
styrafoam  provided  the  friction  necessary  to  prevent  the  tubes  from  being 
bouyed  up. 

Specific  Gravity  Apparatus 

Specific  gravities  of  the  crude  oil,  evaporation  residues  and 
distillation  bottoms  were  determined  using  25  and  50  milliliter, 

Gay-Lussac  type,  specific  gravity  bottles.  Specific  gravities  of  all 
distillate  fractions  were  obtained  by  means  of  pipette  pycnometers  as 
suggested  by  the  USEM  (23)  and  shown  in  figure  10.  Pipette  pycnometers 
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Figure  10  PIPETTE  PYCNOMETERS 
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were  chosen  for  this  purpose  since  the  samples  to  he  examined  were  not 
sufficiently  large  to  permit  the  use  of  a  chain  gravitometer. 

All  samples,  on  which  specific  gravity  measurements  were  conducted, 
were  maintained  at  constant  temperature  by  means  of  the  receiver  changing 
and  circulating  constant  temperature  apparatus  previously  mentioned. 

To  minimize  losses,  due  to  evaporation,  while  specific  gravity 
bottles  and  pycnometers  were  being  weighed,  a  direct  reading,  Sartorious, 
analytical  balance  was  used. 

Sampling  Equipment 

Since  numerous  small  samples  of  crude  oil  of  constant  composition 
were  required  for  the  investigation,  it  was  decided  to  obtain  one  large 
sample  and  to  remove  small  volumes  as  required.  To  insure  constant 
composition  it  was  necessary  to  choose  a  vapor  -  tight  sample  container 
from  which  small  volumes  of  crude  oil  could  be  displaced  with  natural  gas 
normally  associated  with  the  oil. 

A  30  gallon  steel  drum  was  chosen  as  a  crude  oil  sample  container. 
This  choice  was  based  on  the  fact  that  the  container  could  hold  sufficient 
sample  and  could  withstand  internal  pressures  in  excess  of  the  vapor 
pressure  of  the  crude  oil. 

To  permit  the  introduction  and  removal  of  sample  the  large  bung- 
hole  in  the  steel  drum  was  fitted  with  a  machined  steel  bung.  Two  holes 
were  drilled  through  the  steel  bung.  These  holes  were  threaded  to 
accommodate  three-eighths  and  one-eighth  inch  brass  pipe  respectively. 

A  length  of  three -eighths  inch  brass  pipe  was  screwed  into  the  underside 
of  the  bung  so  that  with  the  bung  in  place  the  pipe  extended  to  within 
one  foot  of  the  bottom  of  the  drum.  A  three-eighths  inch  Jenkins,  bronze, 
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angle  valve,  with  a  petroleum  resistant  disc,  was  fastened  to  the  upper 
side  of  the  hung  by  means  of  a  short  brass  nipple.  To  the  other  opening 
on  the  upper  side  of  the  bung  was  fastened  a  one -eighth  inch  Hoke  needle 
valve  through  a  short  brass  nipple  a  stainless  steel  tee  and  another 
short  brass  nipple.  The  third  opening  in  the  tee  was  fitted  with  a 
0  to  3°  psi  Marsh  pressure  gauge. 

Both  bungs  were  fitted  with  neoprene  gaskets  and  securely 
fastened  in  place. 

With  the  sample  container  assembled  as  shown  in  figure  11,  it 
was  then  possible  to  introduce  or  remove  liquid  to  or  from  a  point  one 
foot  from  the  bottom  of  the  container  through  the  three -eighth  inch 
angle  valve  and  to  introduce  or  remove  vapor  to  or  from  the  liquid 
surface  through  the  one-eighth  inch  needle  valve.  The  pressure  within 


Figure  11  CRUDE  OIL  AND  NATURAL  GAS  SAMPLE  CONTAINERS 
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the  vessel  at  any  time  could  be  observed  by  means  of  the  pressure  gauge. 

Because  of  their  capacity  and  working  pressure  two,  commercial, 
100  pound,  propane  cylinders  were  chosen  as  natural  gas  sample  containers. 
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IV  EXPERIMENTAL  TECHNIQUES 

In  the  interests  of  simplicity,  accuracy  and  a  view  toward  field 
application,  readily  available  techniques  were  selected  and  where  necessary 
modified  to  suit  existing  conditions. 

Refractive  Index 

For  the  determination  of  refractive  index  of  transparent  distillate 
fractions  the  standard  transmission  method  was  found  to  be  quite  satisfactory. 
Where  this  method  was  not  applicable  because  of  the  opaque  nature  of  the 
liquids  examined,  a  reflection  technique,  suggested  by  the  instrument 
manufacturer,  was  employed. 

Since  the  standard  temperature  for  the  measurement  of  volume, 
density,  and  gravity  of  crude  oil  is  normally  60°F,  measurements  of  refractive 
index  were  made  at  this  temperature  rather  than  at  25°C. 

Refractometer  prisms  were  cleaned  by  washing  first  with  benzene, 
then  with  pentane  and  drying  with  commercially  available  lintless  tissue. 
Controlled  Evaporation 

Controlled  evaporation  was  effected  by  placing  the  crude  oil 
into  the  evaporation  flask  and  agitating  it  continuously  while  nitrogen 
was  bubbled  through  it  at  a  constant  rate. 

The  initial  volume  of  sample  charged  to  the  evaporation  flask 
was  limited  on  the  one  hand  by  the  size  of  the  flask  and  on  the  other 
by  the  need  of  a  certain  minimum  volume  of  resulting  residue.  It  was 
found  that  a  suitable  initial  sample  volume  was  of  the  order  of  900 
milliliters.  By  choosing  such  an  initial  volume  of  sample,  setting 
the  stirrer  at  a  control  setting  of  6,  the  nitrogen  backpressure  regulator 
at  30  psi  and  adjusting  the  nitrogen  flow  rate  to  a  constant  value  of 
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5.0  SCFH  a  reasonable  rate  of  evaporation  was  established  with  no  loss 
due  to  ebullition. 

Using  the  abovementioned  technique  and  periodically  measuring 
the  mass  of  the  evaporation  residue  and  cumulative  evaporation  time  it 
was  possible  to  establish  mass  percent  evaporation  loss  as  a  function 
of  cumulative  evaporation  time  as  shown  in  figure  12.  By  choosing  as 
nearly  as  possible  identical  initial  volumes  of  sample  and  maintaining 
identical  rates  of  agitation  and  flow  of  nitrogen  it  was  possible  to 
use  this  function  to  predict  the  cumulative  evaporation  time  required  to 
obtain  a  desired  residue. 

Distillation 

In  both  the  Hempel  and  Engler  distillations  the  technique 
employed  was  essentially  that  prescribed  by  the  ASTM  (4)  with  the 
exception  that  temperature  readings  were  taken  at  the  end  of  each  cut, 
with  the  cuts  varying  in  volume.  A  final  boiling  point  of  425  F>  at 
atmospheric  pressure,  was  chosen  arbitrarily. 

A  distillate  collection  technique  was  designed  to  facilitate 
the  collection  and  examination  of  a  number  of  small  cuts  and  at  the  same 
time  to  minimize  loss  of  distillate  due  to  evaporation.  This  technique 
employed  one  dozen  25  milliliter  graduated  test  tubes  as  distillate 
receivers  for  each  distillation.  These  test  tubes  were  placed  in  the 
receiver  changing  apparatus  which,  in  turn,  was  filled  with  ice  water 
before  each  distillation.  During  a  distillation  each  receiver,  as  it 
was  being  filled,  was  raised  so  that  the  condenser  funnel  extended  into 
the  receiver  and  so  minimized  losses  of  distillate  due  to  evaporation. 

At  the  end  of  each  cut  the  receiver  was  stoppered  and  lowered  into  the 
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FIGURE  12  EVAPORATION  APPARATUS  CALIBRATION  CURVE 
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ice  -water. 

Since  the  volumes  of  the  various  cuts  could  only  he  read  to 
two  significant  figures  it  was  decided  to  calculate  these  volumes  from 
a  knowledge  of  their  masses  and  specific  gravities,  both  of  which  could 
be  determined  with  greater  accuracy.  As  a  result,  at  the  completion 
of  each  distillation,  the  stoppered  receivers  were  dried  with  lintless 
tissue  and  their  masses  were  determined. 

Specific  Gravity 

Specific  gravities  of  the  crude  oil,  evaporation  residues  and 

distillation  bottoms  were  determined  by  means  of  Gay-Lussac  type  specific 

gravity  bottles.  The  bottles  were  filled  to  within  one  quarter  inch  of 

,  o 

the  top,  tightly  stoppered  with  cork  stoppers  and  placed  into  a  60  F  bath. 

-  o 

When  the  samples  reached  60  F  the  cork  stoppers  were  replaced  with  the 
capillary  glass  stoppers.  The  glass  stoppers  were  firmly  seated  and 
all  excess  oil  was  removed  from  the  outside  of  the  bottles.  The  bottles 
were  then  quickly  transferred  to  an  ice  bath  and  chilled  to  cause  a 
decrease  in  volume  such  that  expansion  during  the  weighing  procedure  would 
not  cause  a  portion  of  the  liquid  to  escape.  After  a  short  chilling 
period  the  bottles  were  removed  from  the  bath  and  carefully  wiped  and 
their  masses  were  determined. 

Specific  gravities  of  the  distillate  fractions  were  obtained 

subsequent  to  the  determination  of  the  mass  of  each  cut.  The  technique 

consisted  of  filling  the  appropriate  pipette  pycnometer  with  sample  at 
o 

60  F,  removing  excess  sample  from  the  surface  of  the  pycnometer  with 
lintless  tissue  and  rapidly  determining  the  mass  of  the  pycnometer  and 
contents  by  means  of  a  direct  reading  analytical  balance. 
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The  sample  and  pycnometer  were  brought  to  60°F  by  placing  the 
pycnometer  into  the  sample  receiver  which  was  in  turn  placed  into  the 
receiver  changing  apparatus.  Water  at  60°F  was  circulated  through  the 
apparatus  until  the  sample  attained  a  temperature  of  60  F,  at  which 
time  the  pycnometer  was  filled  by  means  of  an  aspirator  bulb. 

To  minimize  evaporation  of  distillate  while  it  was  being  brought 
to  60°F  the  annular  space  between  the  receiver  and  the  pycnometer  was 
lightly  stoppered  with  lintless  tissue. 

In  all  measurements  of  mass  it  was  found  necessary  to  handle 
all  vessels  with  neoprene  gloves  so  as  to  prevent  errors  due  to  the 
accumulation  of  moisture  on  the  vessel  surfaces  as  a  result  of  handling. 
It  was  also  necessary  to  minimize  the  time  required  to  transfer  vessels 
from  constant  temperature  baths  to  the  balance  and  perform  the  mass 
determination  operations  if  the  losses  due  to  evaporation  during  these 
procedures  were  to  remain  small. 

All  specific  gravity  determination  glassware  was  cleaned  by 
rinsing  first  with  benzene  and  then  with  pentane. 

Sampling 

All  sampling  techniques  were  designed  so  as  to  permit  the 
obtaining  of  identical  samples  at  such  times  as  they  were  required. 
Although  the  designed  techniques  were  successfully  employed  in  the 
laboratory  field  techniques  required  modification. 

In  the  original  design  of  the  field  sampling  technique  it  was 
proposed  that  the  well  from  which  the  sample  was  to  be  obtained,  be  shut 
in  prior  to  sampling,  for  a  period  equal  to  the  shut  in  period  before 
a  production  test.  At  the  end  of  the  shut  in  period  the  well  was  to 
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be  produced  at  a  very  low  rate,  for  a  short  time,  so  as  to  remove  all 
those  fluids  which  were  in  the  wellbore  during  the  shut  in  period.  The 
well  was  then  to  be  permitted  to  produce  into  the  sample  container,  through 
the  three-eighths  inch  opening,  against  a  backpressure  of  approximately 
5  psi. 

Since  at  the  time  of  sampling  from  Texaco  Wizard  Lake  Crown  C-2, 
the  well  had  been  producing  for  a  number  of  days  at  approximately  five 
times  its  normal  rate  it  was  not  possible  to  employ  the  abovementioned 
sampling  technique.  To  obtain  a  sample  a  portion  of  the  production  was 
diverted  at  the  wellhead  into  the  sample  container  via  the  three -eighths 
inch  opening.  A  backpressure  of  5  "to  6  psi  was  maintained  in  the  vessel 
by  throttling  the  liberated  gas  by  means  of  the  one -eighth  inch  needle 
valve. 

Natural  gas  to  be  used  for  displacement  purposes  was  sampled 
at  the  separator.  The  sampling  procedure  consisted  of  first  flushing 
the  containers  three  times  by  pressuring  to  65  psi  and  venting  to 
atmosphere  and  then  filling  the  containers  to  a  final  pressure  of  JO  psi. 

Prior  to  the  removal  of  a  small  volume  of  crude  oil  from  the 
sample  container  the  contents  of  the  container  were  agitated  to  ensure 
that  the  portion  removed  was  indeed  representative  of  the  whole.  Because 
of  the  size  of  the  container  the  agitation  of  the  contents  was  accomplished 
by  rolling  the  container  about  the  laboratory  floor  for  several  minutes. 
Subsequent  to  agitation  the  required  volume  of  sample  was  removed  through 
the  three -eighths  inch  angle  valve  while  natural  gas  was  being  admitted 
into  the  sample  container  through  the  needle  valve  via  the  backpressure 
regulator. 

To  insure  constant  composition  of  the  various  aliquant  portions 
removed,  care  had  to  be  exercised  to  have  the  backpressure  regulator  set 
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at  the  same  pressure  as  the  pressure  within  the  crude  oil  sample  container. 
This  practice  prevented  any  gas  solution  or  evolution  during  the  displacement 
process. 

The  sampling  of  evaporation  residues  and  distillation  consisted 
of  first  mixing  the  liquid  to  be  sampled,  so  as  to  ensure  a  representative 
sample,  and  then  of  removing  the  required  volume  by  pouring.  For  example, 
to  obtain  a  portion  of  an  evaporation  residue  to  be  used  as  charge  for 
a  distillation  the  residue  was  agitated  and  a  300  milliliter  portion  of 
the  residue  was  transferred  to  the  distillation  flask  by  means  of  a 
graduated  cylinder.  When  the  required  portion  of  the  residue  was  removed 
the  flask  was  quickly  stoppered  and  stored  until  such  time  as  another 
sample  of  that  residue  was  required. 

All  sampling  and  transferring  of  samples  was  conducted  as  quickly 
as  possible  so  as  to  minimize  losses  due  to  evaporation  during  these 
procedures.  For  the  same  reason  samples  were  exposed  to  atmosphere  only 
when  absolutely  necessary  and  then  for  the  shortest  possible  time. 
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V  EXPERIMENTAL  RESULTS 

Refractive  Index 

In  an  attempt  to  verify,  modify  and  expand  Benkovskii ' s  (5) 
method,  crude  oils  from  the  Glenevis,  Excelsior,  Ellerslie,  Redwater, 

Wizard  Lake  and  Bell shill  Lake  Fields  were  examined.  In  all  cases  it 
was  found  impossible  to  determine  the  refractive  index  of  either  the 
crude  oils  or  their  residues. 

Since  all  of  the  abovementioned  crude  oils  are  quite  opaque, 
they  and  their  residues  had  to  be  examined  by  means  of  the  reflection 
technique.  The  results  of  the  application  of  this  technique  were 
similar  in  all  cases.  Although  sufficient  contrast  was  observed  between 
the  light  and  dark  fields  at  their  extremities,  there  did  not  exist  a 
sharp  demarkation  between  the  two  fields,  rather,  one  field  gradually 
merged  into  the  other. 

The  determination  of  the  refractive  indices  of  the  various 
distillate  fractions  from  these  crude  oils  posed  no  problem  by  either  the 
reflection  or  transmission  technique.  In  fact  the  refractive  indices  of  the 
distillate  fractions  from  the  Bell shill  Lake  crude  oil  were  determined  and 
found  to  be  quite  accurate  and  additive  as  stated  by  Benkovskii  (5). 

These  indices  are  not,  however,  presented  in  this  report  as  they  in 
themselves  have  little  if  any  application. 

Controlled  Evaporation  of  Crude  Oil  from  Texaco  Wizard  Lake  Crown  C-2* 

Seven  portions  of  crude  oil  from  Texaco  Wizard  Lake  Crown  C-2 
were  subjected  to  controlled  evaporation  yielding  the  following  residues; 


elsewhere  referred  to  as  TWLCC2. 
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Residue  Yield 

Residue  Mass  Percent  Volume  Percent  API  Gravity 


Ha 

G 

B 

C 

D 

E 

F 

A 


98.59 

97.04 

95.07 

93.37 

92.12 

91.14 

91.16 

85.84 


83.27 


98.10 

96.13 

93.75 

91.75 
90.30 

89.17 

88.99 


34.62 

33.89 

33.12 

32.55 

32.16 

31.86 

31.49 

30.44 


When  the  residue  yield  data  were  plotted  as  a  function  of  residue 
API  gravity,  smooth  curves  resulted,  as  may  he  seen  from  figure  13. 

It  may  he  observed  that  the  data  representing  residue  F  do  not 
fall  on  their  respective  curves.  There  is  little  douht  that  this  is  due 
to  an  error  in  the  counting  of  weights  in  the  determination  of  the  mass 
of  residue  F.  When  mass  and  volume  percent  residue  yield,  for  residue  F, 
are  taken  from  the  curves,  the  values  88.99  and  87.68  respectively, 
are  obtained.  These  are  taken  to  he  the  true  values. 

Distillation 

As  has  been  previously  mentioned,  both  Engler  type  and  Hempel 
type  distillations  were  carried  out  on  the  crude  oil  and  each  of  the  residues. 
The  data  obtained  indicate  that  as  the  degree  of  fractionation  increases, 
the  reliability  of  the  data  increases,  their  variation  becomes  less  random 
and  the  slope  of  the  distillation  curves  increases.  This  is  well 
demonstrated  by  the  distillation  curves  in  figures  l4  and  15. 

Close  scrutiny  of  the  distillation  curves  indicates  that  the 
data  are  somewhat  more  scattered  than  is  normal.  This  somewhat  larger 
than  normal  variation  was  due,  primarily,  to  the  fact  that  temperature 
data  were  thought  to  be  of  secondary  importance  in  this  study  and  as  a 


result  were  taken  accordingly. 
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Although  distillation  curves  are  seldom,  if  ever,  plotted  as 
best  fit  curves,  the  data  in  this  study  we re  plotted  in  this  fashion. 

It  is  observed  that  for  both  methods  of  distillation  the  resulting  curves 
are  essentially  straight,  except  in  the  vicinity  of  the  initial  boiling 
point.  It  may  also  be  observed  that  the  curves,  for  each  distillation 
method,  are  quite  parallel  to  one  another.  Furthermore  the  curves  for 
the  residues  shift  from  the  crude  oil  curve  in  the  direction  of 
decreasing  percent  distilled  and  increasing  vapor  temperature.  The 
Engle r  type  distillation  curve  on  residue  G  represents  the  only  departure 
from  this  general  trend. 

Mass  percent  distillation  bottoms,  upon  distillation  to  a  431°F 
end  point,  were  plotted  versus  mass  percent  evaporation  residue  yield  for 
each  distillation  method.  As  may  be  seen  from  figures  l6  and  17,  fairly 
smooth  correlations  resulted.  Although  these  correlations  have  no  direct 
application  to  the  estimation  of  losses  due  to  evaporation,  they  demonstrate 
the  previously  mentioned  observations  concerning  the  effect  of  the  degree 
of  fractionation  on  the  reliability  and  random  variation  of  the  distillation 
data  obtained  in  this  study.  Figure  16  also  indicates  that  the  mass 
percent  distillation  bottoms  for  the  Engler  type  distillation  on  residue  G 
is  much  too  low.  This  in  turn  indicates  that  either  the  mass  of  the  charge 
or  of  the  bottoms,  for  the  distillation  in  question,  is  in  error.  It  is 
quite  immaterial  which  of  these  is  in  fact  in  error,  since  both  affect 
the  distillation  curve  in  the  same  manner,  namely,  to  shift  all  points, 
other  than  the  initial  boiling  point,  to  the  right,  as  may  be  observed 
in  figure  l4. 

Ignoring  the  Engler  type  distillation  curve  on  residue  G,  an 
examination  of  the  remaining  distillation  curves  indicates  that  the 
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FIGURE  16 

MASS  PER  CENT  BOTTOMS  UPON  DISTILLATION  TO  431  F 
END  POINT  BY  THE  ENGLER  TYPE  METHOD  AS  A  FUNCTION 
OF  DISTILLATION  CHARGE  COMPOSITION. 
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FIGURE  17 

MASS  PER  CENT  BOTTOMS  UPON  DISTILLATION  TO  431  °F 
END  POINT  BY  THE  HEMPEL  TYPE  METHOD  AS  A  FUNCTION 
OF  DISTILLATION  CHARGE  COMPOSITION. 
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residue  curves  shift  from  the  crude  oil  curve  inversely  as  the  percent 
residue  yield.  In  fact,  the  separation  between  the  residue  and  crude  oil 
curves  may  be  used  to  estimate  the  percent  residue  yield  represented  by 
the  residues.  Such  estimations  were  made,  using  the  constructions  in 
figures  14  and  15  and  yielded  the  following  results; 

Volume  Percent  Residue  Yield 


Charge 

Measured 

Estimated 

Engler 

Hempel 

TWLCC2  Crude  Oil 

100.00 

100.00 

100.00 

Residue  Ha 

98.10 

97.65 

98.30 

G 

96.13 

96.42 

B 

93.75 

94.90 

94.07 

C 

91.75 

92.67 

92.27 

D 

90.30 

91.90 

91.40 

E 

89.17 

89.35 

89.40 

F 

87.68 

87.35 

87.95 

A 

83.27 

83.27 

83.27 

Examination  of  Distillate  Fractions 


To  show  the  variation  of  API  gravity  from  drop  to  drop  for  the 
various  distillations, API  gravity  mid  percent  curves  were  plotted,  for 
each  distillation  method,  as  shown  in  figures  18  and  19 .  These  curves 
were  plotted  on  a  mass  basis  since  it  is  only  on  this  basis  that  API 
gravity  is  additive.  One  further  peculiarity  of  these  curves  lies  in  the 
fact  that  the  uncollected  portion  of  distillate,  commonly  referred  to  as 
distillation  loss,  is  in  this  case,  considered  to  comprise  a  fraction 
of  lower  API  gravity  than  that  of  the  first  collected  fraction.  This  has 
the  effect  of  shifting  each  curve  to  the  right  a  distance  equal  to  the 
distillation  loss. 

It  is  evident  from  figures  18  and  19  that  increasing  fractionation 


affects  the  data  and  the  curves  in  much  the  same  fashion  as  it  does  the 
distillation  curves.  The  API  gravity  data  exhibit  much  more  scattering 
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than  do  the  distillation  data,  indicating  that  the  accuracy  of  the  data  is 
not  nearly  as  great  as  was  expected  from  the  precision  of  measurement 
employed.  The  greater  scattering  in  figure  18,  as  compared  to  figure  19, 
suggests  that  the  effect  of  the  degree  of  fractionation  on  the  gravity  data, 
although  similiar,  is  more  pronounced  that  it  is  in  the  case  of  the 
distillation  data. 

Despite  the  scattered  nature  of  the  data,  best  fit  curves  were 
drawn  for  each  method  of  distillation.  It  may  be  seen  that  the  curves  for 
both  methods  are  similar  in  that  they  tend  to  be  concave  upwards  at  either 
end,  essentially  linear  in  the  middle  and  parallel  to  one  another.  It  is 
true  that  the  upward  concavity  is  not  well  demonstrated  by  the  Engler  type 
curves  and  rather  poorly  demonstrated  by  Hempel  type  curves  in  the  region 
of  high  API  gravity,  but  the  parallel  nature  of  the  middle,  essentially 
linear,  portion  is  fairly  well  developed  in  both  cases.  This  portion  of 
the  curves  was  examined  and  it  was  observed  that  as  in  the  case  of  the 
distillation  curves  the  API  gravity  mid  percent  curves,  for  the  residues, 
shift  away  from  the  crude  oil  curve.  In  this  instance  the  shift  is  in  the 
direction  of  decreased  percent  distilled  and  decreased  API  gravity.  As 
may  be  expected  the  shift  varies  inversely  as  percent  residue  yield.  The 
separation  between  the  residue  and  crude  oil  curve s  may  again  be  used  to 
estimate  the  volume  percent  residue  yield  represented  by  the  residues. 

Such  estimations  were  made  for  both  distillation  methods  by  means  of  the 
construction  shown  in  figures  18  and  19 .  The  following  results  were 


obtained; 
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Volume  Percent  Residue  Yield 
Measured  Estimated 


Charge 

Engler 

Hempel 

TWLCC2  Crude  Oil 

100.00 

100.00 

100.00 

Residue  Ha 

98.10 

98.10 

98.10 

G 

96.13 

96.16 

B 

93-75 

93.70 

93.90 

C 

91.75 

92.75 

91.90 

D 

90.30 

92.50 

90.27 

E 

89.  IT 

88.10 

89.10 

F 

87.68 

87.20 

87.77 

A 

83.27 

83.27 

83.27 

The  Engler  type  curve  on  residue  G  was  disregarded  for  previously  mentioned 


reasons. 


Since  it  was  felt  that  the  observations  made  to  this  point  had 
fairly  well  established  the  effects  of  the  degree  of  fractionation,  further 
observations  concern  themselves  only  with  data  obtained  from  the  Hempel 
type  distillation  since  these  data  are  the  more  accurate. 

Using  corrected  values  of  API  gravity  of  each  fraction,  obtained 
from  figure  19 >  their  masses  along  with  the  API  gravities  and  masses  of 
the  distillation  bottoms,  the  yields  of  various  bottoms  and  their  API 
gravities  were  calculated  for  each  Hempel  type  distillation  by  means  of 
the  following  equation; 


API  ave .  = 


APIi  •  Wi* 


Wi 


(11) 


*  Wi  =  mass  of  ith  fraction. 
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These  calculated  data  were  plotted  as  API  gravity  distillation  "bottoms 
yield  curves  (lT)j  shown  in  figure  20. 

An  examination  of  figure  20  indicates  that  the  API  gravity 
distillation  bottoms  yield  curves  for  the  Hempel  type  method  are  essentially 
straight  at  low  yields  but  develop  upward  concavity  at  high  yields.  The 
curves  are  nearly  parallel  to  one  another.  The  residue  curves,  as  may 
be  expected,  shift  from  the  crude  oil  curve  in  the  direction  of  increased 
yield  and  decreased  gravity.  The  shift  again  varies  inversely  as  the 
residue  yield.  The  separation  between  the  crude  oil  curve  and  the  residue 
curves  may  be  used  to  estimate  the  volume  percent  residue  yield  represented 
by  the  residue.  Such  an  estimation,  as  shown  by  the  construction  in 
figure  20,  yields  the  following  re suit s$ 

Volume  Percent  Residue  Yield 


Charge 

Measured 

Estimated 

TWLCC2  Crude  Oil 

100.00 

100.00 

Residue  Ha 

98.10 

98.60 

G 

96.13 

97.18 

B 

93-75 

94.20 

C 

91.75 

91.88 

D 

90.30 

90.15 

E 

89.  IT 

89.30 

F 

87.68 

87.80 

A 

83.27 

83.27 

It  must,  however,  be  observed  that  this  estimation  is  best  made  in  the 
region  of  high  bottoms  yield.  This  is  somewhat  unfortunate  since  the 
exact  nature  of  the  curves  in  this  region,  with  the  exception  of  the 
100  percent  points,  is  not  well  established,  because  of  the  uncertainty 


of  the  API  gravity  of  the  light  fraction syndicated  in  figure  19. 
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VOLUME  PER  CENT  RESIDUE  YIELD 
95 


FIGURE  20 

CURVES 

API  GRAVITY  DISTILLATION  BOTTOMS  YIELD 

FOR  TWLCC  2  CRUDE  OIL  AND  ITS  RESIDUES 

OBTAINED 

FROM  HEMPEL  TYPE  DISTILLATIONS  SHOWING  A  METHOD 

OF  ESTIMATING  VOLUME  PER 

CENT  RESIDUE 

YIELD 

DISTILLATION 

CHARGE 

TWLCC  2 

CRUDE  OIL 

9 

RESIDUE 

Ho 

O 

RESIDUE 

G 

<> 

RESIDUE 

B 

e 

RESIDUE 

C 

e 

RESIDUE 

D 

XX 

RESIDUE 

E 

o 

RESIDUE 

F 

XX 

RESIDUE 

A 

c 

RESIDUE 

C  UNCORRECTED  - 

80  85 

VOLUME  PER  CENT  BOTTOMS  YIELD 


BOTTOMS  GRAVITY  IN  °API 
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An  examination  of  the  API  gravity  distillation  bottoms  yield 
curves  in  the  region  of  low  bottoms  yield  indicates  that,  had  the 
distillations  been  terminated  in  such  a  fashion  that,  the  API  gravity  of 
the  bottoms  was  in  each  case  25*50  degrees,  rather  than  at  a  vapor 
temperature  of  431°F  then  the  volume  percent  bottoms  yield  for  each 
distillation  would  have  been  as  follows; 


Charge 


Volume  Percent  Bottoms 


TWLCC2  Crude  Oil  63. 15 

Residue  Ha  64.64 

G  65*35 

B  67.70 

c  69.50 

D  70.45 

E  71.05 

F  71.95 

A  76.20 


Now,  if  the  distillation  is  such  that  distillation  bottoms  of  equal  API 
gravity  are  in  fact  of  identical  composition,  then  it  is  obvious  that  the 
volume  percent  bottoms  of  the  crude  oil  when  divided  by  the  volume  percent 
bottoms  of  a  residue  will  equal  the  volume  percent  residue  yield  represented 
by  the  residue.  This  method  of  calculation  was  applied  to  this  case  with 
the  following  results; 

Volume  Percent  Residue  Yield 


Charge 

Measured 

Calculated 

TWLCC2  Crude  Oil 

100.00 

100.00 

Residue  Ha 

98.10 

97-69 

G 

96.13 

96.63 

B 

93.75 

93.28 

C 

91.75 

90.86 

D 

90.30 

89.64 

E 

89.17 

88.88 

F 

87.68 

87.77 

A 

83.27 

82.87 
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This  method,  unlike  that  employing  curve  separation 
too  concerned  -with  the  light  fractions  since  its  accuracy  is 
dependant  upon  observation  made  on  the  distillation  bottoms, 
last  fraction. 
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VI  DISCUSSION  AND  CONCLUSIONS 

As  has  been  mentioned  elsewhere  in  this  work,  it  was  not  possible 
to  employ  the  designed  technique  to  obtain  the  field  crude  oil  sample. 

It  is  questionable  whether  the  procedure  employed  could  be  repeated  and 
an  identical  sample  obtained.  Furthermore,  due  to  the  nature  of  the 
container  and  the  manner  in  which  the  sample  was  obtained,  extensive 
stripping  action  occurred  within  the  container.  This  resulted  in  the 
sample  having  an  API  gravity  of  35*^5  degrees,  some  3  degrees  lower  than 
that  of  the  lease  stock  tank  oil.  From  these  facts  it  must  be  concluded 
that  although  the  sampling  technique  and  container  were  adequate  for  the 
purpose  of  this  study,  they  are  wholly  inadequate  for  any  other  purpose. 

It  was  observed  that  errors  of  approximately  10  and  20  grams 
were  incurred  in  the  measurement  of  mass,  in  evaporation  run  F  and  the 
Engler  type  distillation  on  residue  G  respectively.  These  errors  were 
no  doubt,  due  to  the  necessity  of  counting  the  large  numbers  of  weights 
used  when  determining  large  masses  on  a  double  pan  balance.  Although 
errors  of  this  type  are  inexcusable,  it  must  be  observed  that,  since  the 
use  of  a  double  pan  balance  is  very  time  consuming,  the  use  of  a  direct 
reading  balance  would  serve  to  eliminate  counting  errors  as  well  as  to 
decrease  errors  due  to  evaporation  during  the  mass  determination  period. 

An  examination  of  the  distillation  curves  shows  that,  although 
the  Engler  type  data  are  in  general  more  scattered  than  are  the  Hempel 
type,  the  Engler  type  initial  boiling  points  are  much  more  reliable  than 
are  those  obtained  by  the  Hempel  method.  This, of  course, is  due  to  the 
presence  of  the  fractionating  column  in  the  Hempel  method.  Because  of  the 
fact  that  reliability  shifts  from  one  region  of  these  curves  to  another, 
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"there  is  little  choice  between  "the  ‘two  methods  for  "the  purpose  of*  evaporation 
loss  estimation. 

Increased  care  in  the  determination  of  vapor  temperatures  would, 
no  doubt,  increase  the  accuracy  of  the  distillation  curves  and  would  most 
likely  indicate  the  Hempel  curves  to  be  slightly  superior  to  the  Engler 
curves  for  evaporation  loss  estimation  purposes.  It  is,  however,  a  well 
known  fact  that  even  with  extreme  care  the  order  of  accuracy  which  can 
be  obtained  in  the  determination  of  vapor  tempera. tures  is  comparatively 
low.  For  this  reason  the  use  of  distillation  curve  separations  for  the 
estimation  of  evaporation  losses  is  not  recommended. 

The  adoption  of  capillary  type  pycnometers  for  the  determination 
of  gravities  of  distillate  fractions,  was  based  on  the  misconception  that, 
since  the  high  API  gravity  fractions  were  the  ones  lost  as  a  result  of 
evaporation  they  were  the  ones  to  be  examined  with  the  greatest  care.  A 
perusal  of  the  gravity  data  indicates  that,  although  the  use  of 
these  pycnometers  enables  one  to  determine  gravities  with  great  precision, 
the  accuracy  of  the  gravities  so  determined,  isn't  very  high.  This  is 
understandable  when  it  is  realized  that  this  method  involves  the 
determination  of  small  differences  by  the  measurement  of  large  masses. 
Although  the  accuracy  of  this  method  could  be  increased  by  increasing 
the  pycnometer  volumes  and  preparing  the  capillary  tips  with  greater 
care,  it  is  suggested  that  their  use  in  such  investigations  be  discontinued 
and  a  bouyancy  technique  be  adopted. 

From  an  examination  of  the  API  gravity  mid  percent  curves  in 
figure  19  it  is  quite  obvious  that,  although  the  true  nature  of  several 
curves  is  fairly  well  defined,  there  remains  a  certain  amount  of  uncertainty 
concerning  the  others.  It  is  true  that  the  several  well  defined  curves 
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may  serve  to  determine  the  shape  of  the  remaining  curves  hut,  if  the  curves 
for  residue  C  and  the  residue  C  uncorrected,  of  figure  19,  are  examined 
it  is  obvious  that  because  of  the  scattered  nature  of  the  data,  the  exact 
position  of  a  curve  may  be  in  question.  Though  in  this  particular  case, 
the  curve  for  residue  C  seems  the  most  logical,  this  is  only  true  because 
it  is  contiguous  to  two  other  curves  of  very  similar  shape.  It  may  be 
held  that  the  shift  between  these  curves  is  small,  nevertheless  the 
difference  in  the  estimation  of  evaporation  loss  by  the  two  curves  is  of 
the  order  of  12.5  percent  of  the  actual  loss. 

An  examination  of  figure  18  indicates  that,  due  to  the  scattered 
nature  of  the  data,  the  shapes  and  positions  of  the  curves  are  even  more 
in  doubt  than  is  the  case  in  figure  19 . 

When  the  distillation  and  API  gravity  mid  percent  curves  are 
examined  together  it  is  obvious  that  they  have  many  points  in  common.  In 
both  cases  accurate  data  are  difficult  to  obtain.  If  accurate  estimations 
of  evaporation  losses  are  to  be  made  iising  such  curves  large  amounts  of 
data  are  necessary.  The  shape  of  these  curves,  although  essentially 
linear  in  this  case,  is  a  function  of  the  composition  of  the  crude  oil 
and  its  residues.  It  must  be  recognized  that  in  such  cases  where  these 
curves  are  not  linear  evaporation  loss  estimations,  employing  curve 
separations,  will  be  more  difficult  and  less  reliable. 

From  these  observations  it  must  be  concluded  that  the  use  of  the 
curve  separations  technique  on  distillation  and  mid  percent  curves,  for 
the  purpose  of  evaporation  loss  estimation,  is  unadvisable.  If,  however, 
such  methods  must  be  used,  the  most  accurate  results  will  be  realized  by 
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using  API  gravity  mid  percent  curves  obtained  by  means  of  a  distillation 
method  with  a  high  degree  of  fractionation. 

Admittedly  the  curve  separation  technique  when  applied  to  yield 
curves  suffers  from  difficulties  which  are  identical  to  those  encountered 
when  this  technique  is  applied  to  mid  percent  curves,  but  the  effect  of 
these  difficulties  on  yield  curves  is  much  less  pronounced.  This  is 
well  demonstrated  by  the  curves  for  residue  C  and  residue  C  uncorrected 
in  figures  19  and  20.  Since  variations  in  the  data  obtained  on  the 
various  fractions  are  dampened  in  the  construction  of  yield  curves,  it 
must  be  concluded  that  the  application  of  the  curve  separation  technique 
to  yield  curves  is  preferrable  to  its  application  to  mid  percent  curves. 

Both  methods  require  a  large  amount  of  data  if  accurate  results  are  to 
be  realized. 

The  accuracy  of  the  estimation  technique  which  employs  calculations 
involving  volume  percent  bottoms  yields  is  dependant  upon  tne  accuracy  oi 
the  data  obtained  and  the  assumption  that  distillation  bottoms  of  equal 
API  gravity  are  in  fact  of  identical  composition.  Since  it  is  possible 
to  obtain  accurate  data  on  distillation  bottoms,  tne  heavier  distillate 
fractions  and  the  original  charge,  the  only  real  difficulty  with  this  method 
rests  with  the  assumption  involved.  It  is  obvious  that  as  the  degree  of 
fractionation  increases  and  the  bottoms  API  gravity  decreases  tne  ■validity 
of  the  assumption  increases. 

An  examination  of  the  abovementioned  observations  leads  to  the 
conclusion  that  the  calculation  of  evaporation  loss  using  volume  percent 
yield  data  is  in  fact  superior  to  all  methods  of  evaporation  loss  estimation 

separation  techniques.  It  is  more  than  likely  that, 
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with  a  proper  choice  of  equipment  and  technique,  the  suggested  calculation 
method  may  fulfill  the  needs  of  the  petroleum  producer. 
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VII  RECOMMENDATIONS 

Since  an  accurate  evaporation  loss  estimation  technique  could 
prove  valuable  not  only  in  the  design  of  production  practices  but  for  the 
purpose  of  more  accurately  convering  production  data  to  reservoir 
conditions  it  is  recommended  that; 

(1)  the  estimation  by  calculation  technique  herein  described  be 
examined  in  more  detail. 

(2)  for  future  investigation  the  reference  sample  be  a  reservoir 
sample  of  the  crude  oil  brought  to  60°F  and  atmospheric 
pressure  by  differential  liberation. 

(3)  a  distillation  technique  -with  a  degree  of  fractionation 
equal  to  or  higher  than  that  of  the  Hempel  type  be  used. 

(k)  the  distillations  be  conducted  in  such  a  manner  that  sufficiently 
large  volumes  of  distillate  be  obtained  to  permit  the  use  of 
a  bouyancy  technique  for  gravity  determination  purposes. 

(5)  direct  reading  balances  be  used  for  mass  determinations. 

(6)  the  use  of  distillation  end  point  temperatures  in  the 
vicinity  of  the  cracking  point  be  considered. 

(7)  the  effect  of  the  method  of  evaporation  on  the  estimation 


accuracy  be  investigated. 
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TABLE  II 


MASSES  OF  RECEIVERS,  STOPPERS  AND  HANGER 


Trial 


Receiver 
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2 W 
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10W 
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12W 
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2B 

27. 7^37 

3B 

27.3972 

4b 

27.5957 

5B 

29.1287 

6b 

29.0648 

7B 

29.0833 

8B 

27.7933 

9B 

29.1558 

10B 

28. 2668 

11 B 

28.8103 

Stopper 

Average 

i 

1.2130 

2 

1.5819 

3 

1.1642 

4 

1 . 6466 

5 

1.3060 

6 

1.4557 

7 

1.1241 

8 

1.2438 

9 

1 . 4o66 

10 

1.4768 

11 

1.6079 

12 

1.1435 

13 

1.4346 
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1.2368 

15 
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1.1225 

17 

1.2042 

18 
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1.4420 
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1.1086 
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1.2982 
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1.1270 

23 

1.4274 
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29.1558 

29.1558 
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28.2669 

28. 8103 

28.8103 
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TABLE 


III 


GRAVITY  DETERMINATIONS  ON  TWLCC2*  CRUDE  OIL 


SPECIFIC  GRAVITY  BOTTLE  DATAa 


Bottle  2 

Mass  of  Bottle  Filled 
With  Water  at  60°F  (gins)  39.0277 

Mass  of  Bottle  (gins)  13.8728 

Mass  of  Water  (gms)  25.1549 


o 

j 

38.8817 

13.9988 

24.8829 


4 

66.8672 

16.7730 

50.0942 


CRUDE  OIL  GRAVITY  DAD  A 


Trial 

Bottle 

Mass  of  Bottle  +  Oil  at  60°F  (gms) 
Mass  of  Bottle  (gms) 

Mass  of  Oil  at  60°F  (gms) 
M.E.V.W.P  at  60°F  (gms) 

SG  6o°f/6o°f 

API  Gravity  (°) 

Average  SG  60oF/60°F 

Average  Density  at  60°F  (gms/ml) 

Average  API  Gravity  (°) 


1 

5 

58.0500 

16.3840 

41.6660 

49.1608 

0.84755 

35.45 


2 

5 

58.0481 
16.3840 
4i . 664l 
49.1608 
0.84751 
35.46 
0.84754 
0.84673 
35.45 


5 

65.5448 

16.3840 

49.1608 


3 

4 

59.2305 

16.7730 

42.4575 

50.0942 

0.84755 

35.45 


*  Texaco  Wizard  Lake  Crown  C-2 

a  Courtesy  Oil  and  Gas  Conservation  Board  Laboratory 
p  Mass  of  an  Equal  Volume  of  Distilled  Water 
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GRAVITY  DETERMINATIONS  ON  DISTILLATION  BOTTOMS 


in—  o 

tN-  O  C—  CM  CO  o 

rd  COCO  -d‘  CO  CO 

-d"  UN  IN-  IN-  ON  O  UN  O 
O  t-W  O  0.0 

OJ  VO  u\  o  O  un  o 
VO  H  -d-  un  OJ 


JO  H 
CM  C— 


ON  VO  CO 


p 


VO  ON 
UNCO  IN-  ON-d"  UN 
-d-  CO  UN  CM  CM  rd 
CO  UN  ON  UN  CO  O  ON  O 
_d-  ON-d*  CO  ON  CM  ON 


VO  CO  CM  _d" 
CO  H  CM  CM 


un  o 
CM 


ON  UN  VO 
CO  VO  CO 


oj 

CM 


CO  O 

t-  IN- 


fd 


-d-  !N~ 

O  CO  CM  ON-d-  UN 

-d-  CO  un  CM  CM  H 

CO  un  ON  un  CO  O  O  O 

-d-  ON-d-  CO  ON  CO  ON 


VO  CO  CM 
CO  H  CM 


CM 


UN  O 
CM 


CO  t— _d- 
H  CO  ON 

rd  CM  ON 

vo 


ON00  rd  ON 
UNCO  IN-  CM 
p  COCO  ONCO  CO 
-d-  ON-d-  CO 


CM 

N— 

co 

O  co 

ON  O 


VO  CO  CM  _d- 
CO  H  CM  CM 


UN 

CO 

CM 

O 

ON 


UN  o 
CM 


-d"  i — I  CM 
UN  _d"  CO 

vo  H  co 

IN-VO 


oj 


O 


ON  O  ONCO 
CM  _d  CO  O 


CO 
l 

_  _  CM  rd 

UN  VO  CO  IN-VO  O  UNO 
IN-  CO  CO  rd  ON  CM  ON 


O  VO  -d-  ON  O  CCN  O 
VO  rd  -d-  -d"  CM 


IN-  CM  UN 
UN  rd  ON 

•  •  • 

VO  rd  IN¬ 
IN-  vo 


oi 


pq 


UN  CO 
CO  O  COCO  -d"  UN 
ON-d-  UN  o  CM  rd 

u\.d-covovo  o  o  o 

In-  CO  CO  rd  ON  co  ON 


O  vo  -d-  ON  O 
VO  rd  -d-  -d- 


UN  o 
CM 


rd  CO  o 
COO  IN- 

CO  o  vo 


CM  CO  -d-  on  Q 
coco  -d-  CM  CM 
O  co-d-  ON-d-  co 
-d-  ON-d-  co 


co 

rd 
rd 

O  IN—  O 
ONCOCN 


vo  CO  CM  -d- 
CO  rd  CM  CM 


UN  o 
CM 


O  co  CM 
co  CM  IN— 

VO  CO  -d" 
O  vo  VO 
CM 


CD 

-d" 

ao  vo 

C7\ 

O 

rH 

co 

P 

00 

O0  ON 

CM 

CO 

CM 

UN 

UN 

d 

cOVO 

On  vo 

00 

O 

O 

O 

CM 

ON 

1 - 1 

•H 

W 

-d* 

ON-d- 

co 

ON 

CM 

ON 

• 

• 

• 

00 

rH 

VO 

CO 

CD 

VO 

CO  ON 

-J- 

O 

UN 

o 

Q 

VO 

VO 

P 

co 

i — I  CM 

CM 

CM 

CM 

i — ! 

O 

CO 

CM 

•H 

-d ■ 

O  -d-  CO 

C7N 

O 

O 

o 

rd 

-d-  IN-  O 

CM 

CM 

CM 

-d-  UN 

O 

UN  N— CO  00  VO 

O 

O 

<H 

d 

CD 

np 

p 

IN- 

• 

CO  CO  rd 

ON 

CM 

On 

OJ  CO 

•  • 

CO 

• 

Eh 

o 

VO  -d-  ON 

O 

UN 

O 

In-  un 

rH 

U 

vo 

H  -d-  -d- 

CM 

CJNVO 

vo 

o 

rH 

CO 


a) 

tiO 

u 

d 

P 

o 


CQ 


CL) 
i — I 

l' 

to 
+ ' 
<d 

t — I 

-p 

-P 


3 


CO 


p  • 
o 

O 

co  VO 


co 


CD 
I — I 

-p 

-p 


CO 

s 

■p 

3 


(S 


CO 


<+H 
CD  O 
rd 

-p  CO 
•p  CO 

d 


P 

«h  p  rso 
O  o 


co 

OQ 

d 


co 
co  w 


d 

£ 


o 

£  CO 


p 

o 


-p 

d  P 
O 

CD  O 
rd  VO  Pi 

P  o 
fi  -P  O 
5  d  VO 

H 

§ 

>-  §  o 


*  P 

o 

'  o 
vo 

-p 

d 

co 

6 

$ 

-P 


>5 

•P  P 


£ 

-p 

•H 

IQ 

p 

CD 

Q 


M 

S> 


CO  • 


CQ 


CO 

§ 

-P 


$& 

P 


<3-8 

CD 
O 

u 

CD 

CD  P 


P 

O 


CO 

I 

-p 

tS 

p 

p 

CD 

O 

U 

CD 

P 

CD 


P  CO  p 
i — I  CO  i  1 

O  d  o 
>  £  > 


.  I  ') 


/  '  (  > 

.hi  i 

v.  v:  1  ,i  * 


[  J  ■ 

r ' 

*  »  • 

1 

c  ■- 


C> 


IV  (■•> 

*  •  * 

r  • 


o'  <■  <- 

.  i 


<  o  c .  r  v 

:  <  ■ .  i 

.  .  I  .  .  ' 


■  /  .  <■  < 


/•'  O  I  mV 


'  • 


(  •  C  ' 


:  c  o/  3 

.  c  c  •.  . 

1;  i . 


,  (  ' 
■  j  i  j  Cl 


|  / 

•  • 


i.v  •  '  '  ,  ro  O;  -  •> 


i-l 


s _ / 

/  *N 

^  " 

' — - 

o.'-^ 

✓  N 

:  o '  ' 

cj  t 

c4-  ' 

fc  :  1 

!  ,• 


rf 


ID.  *Q 

• 

c  ■  «i ; 

. 

o- 

• 

• 

A-l4 


LA  N— 

CT\  HOO  4-  0  4-  CO  Lf\  co  4-  cO  O 

_  VO  -4  CM  CO  U~\  CO  CVJ  ON  OOVO  CVJ  LTN  LTN 

4-  ft  VO  4-  H  -4  co  4-  rod  PQoOCMVOcord-4rd  ft 
O  CM  CM  H  UN  ro  LACQ  CM  CM  O  LACO  ON  CO  ro 

I 1  •  •  *  •  O  •  9  •  •  9  «  „ 

CO  H  CO  CM  CM  CM  ON  4  CJ  Ol  CM  O  H  O  ft- 

CM  CO  LTN  CO  i — I  rd  i — I  ft-  CM 


CO  t>-  O  LTN 

IXN  UN  CM  CO 

NO  ft  LTN  VO  UNft  IfN 

On  H  ft  H  t — 


ON 

CM 


ro  ro 

CO 


-4  CO 
VO  ON  C— VO  LfN  to- 
LTN  CO  H  CO  On  CO 
ftPOCOOCQCOCMCO  vo 

IO-  LPv  CM  4-  4-  to-  to-  CO 

•  «  •  •••••••  • 

ON  CO  LfN  LTN  CO  CM  CM  O  to-  O  ON 

-4"  co  i — I  i — I  i — 1  ft-  i — I 


CO 

vo 

CM 

o 


U-N  CO 
CO  CO 
LfN 

to¬ 


ol 


ft 

H 

o 

ft 


CM 

o 


4 


O  O  CM 
VO  CM  ON 
LfN  £2  CO  LfN  O  -4"  CM 

(M  O  CO  H  CM 

i — 1  •  •  .  • 

-4-  H  CO  ON 

CM  CM 


ON 

LfN 

ft  -4-  -4 
H  t 

i — I  • 

-4 

CVJ 


vo  O  l/N 
vo  CM  ft 
-4"  -4-  CO 

VO  H  LfN 

•  •  • 

d  COON 
CM 


VO  CM  ft 
LfN  ON  VO 
VO  CM  CO 
ON  CM  4- 

•  •  • 

CO  CN-4 
4  CM  d 


to-  LfN  CM 
H  ft  4- 
4  (OO 
CO  LfN  CO 


-4 

ft 


ONft 
OJ  H 


to-  CO 
-4  CM  CM  CO  CM  LfN 
H  to- 4-  VO  On  CO 
ft  ft  MD  to-CMV04-vo 
CM  O  H  00  4- -4  to- 


*4) 


4-  LfN  CM  CM 

I - 1  i — 1 


CM  O 

LfN 


ON  4— 
H  COCO  vo  LfN  CO 

H  O  O  O  CM  rd 

CO  LfN  00  CO  LfN  OJ  LfN 
CM  ON  CM  O  tO-LTNO- 
•  «••••• 
LfN  CM  CM  CO  O  VO  O 

i — I  rd  LA 


S 

ON 


ON 

VO 

ON 

H 


M 

E-} 

M 

ft 

VO 

LA 

H 

O 

LA 

CM 

o 

4- 

O  4- 

CO 

CO  o 

co -4  On 

CM 

> 

ft 

4- 

-4 

CM 

co 

rd  CO 

4- 

ft 

LA  4- CO 

O  -4 

ft 

H 

ft 

A)  Js 

£ —  CO  VO 

-4 

CO 

ON  CO 

O 

CO  rd 

H 

Gn  co 

CO 

co 

CM 

Ed 

o 

o 

(4- 

rH 

rd 

o 

LA  O 

UN 

O  vo 

CM  (4- 

O 

14- 

CM 

ft 

CO 

H 

rd 

• 

• 

• 

• 

•  • 

• 

•  • 

• 

o  • 

• 

• 

• 

a 

M 

ft 

CO 

H 

COCO 

LA  CO 

4- 

4--4 

CVJ 

CO  O 

H 

O 

Q 

O 

CM 

CM 

CO  CM 

rd  rd 

vo 

rd 

§ 

ft 

ft 

o 

H 

r  . 

ft; 

fcH 

CO 

-4 

UN 

o 

l-d 

14- 

ON 

o 

vo 

CO  vo 

4- 

O  CO 

C — 00  CO 

VO 

H 

ft 

O 

rH 

0J 

-4 

CO-4 

CO 

ON  CO 

LA 

4- CO 

CO 

4- 

Ed 

CM  ft 

4- CM  CO 

-4 

ON 

O  ON 

O 

o 

LA  O 

UN 

LA  H 

rd 

ON 

ON  la  la  h  cm  H  CM  00 


-4 

CM 


CO  ON 
CM 


VO  ON  VO 
CO  CM 


LA  O  UN  LA  C— -4  4- 


VO  4- 

i— I  rd 


0J  CO  O  LA  o 
VO 


ON 


o 

O  O 

o 

CO  O  co 

i — 1 

CO  CM  VO 

4-  VO  CO 

ft  -4  rd 

H  -4 

ON 

UN  ON  LA 

<55  4- 

CM  rd 

4- 

ON  4-  H 

• 

•  • 

• 

•  •  • 

UN 

rd  CO 

ON 

vo  ON  4- 

CM 

CM 

CO  CM 

0 


u 
0 
> 
•H 

0 
o 
0 
ft 
u 

0  <H 
>  O 
•H 
0  0  0 
d  0  0 
^  o  d 

E  K  s 


P 

o 

•H 

-P 


0 


0 


0 


U 

H  0. 


Pi  tD 

o  a  ft 

ci3  CO 
ft  ft 


B  ft  ft  ft 
O  O  O 


& 


ft  W 

o  0 

,o| 


CO 


0 

0 


0 

0 

I 


0 


ft 

CO 

ft 


0 


fl  0  f! 
o  SO 
•H  CL)  *H 

•P  ' — '  -P 
0  _  O 
ct3  ft  cj 


mk 


ft  ft  ft 
O  O  O 

0  0  0 
0  0  0 

A  $  $ 


O  CO 
-4  O  -4  -4  CM  LA 
VO  O  VO  CO  ON  CO 
CO  ON  On  H  ON  14-  On 
CO  CM  LA  14- VO  CO  VO 


LA  CO  OJ 
rd  rd 


CO  O 


O 

4- 


0 


rd 

ft 


0 


CO 

+ 


0  0 
4-^ 

0  ft  ft 
BOO 

o 

P  0  0 
0  00  0 


0 


ft  r-v 
O  00 

o  a 
vo  to 

'  -p  r 
oj  ft 

O 

0  O 
H  VO 
ft  O 

§-P  O 

d  VO 
CO  ^ 

»  ft 

ft  fto 
O  •  o 
>  vo 

0  • 

0  ft 


ft 


rd 

a 

0 


Jx, 

o  o 
o 
vo 

•p  -P 

.  *H 

§ 


d 


frills 


tj  -p 

O  *rl 
0 

H  C 
ft  0 
<  ft 


LA 

CM 

• 

o 

rd 


0 

rd 

a 


a 

o 

•H 

-P 

0 

03 

£ 

ft 

O 

0 


rd 

O 

> 


B 

0 

to 

I 

+ 

B 

0 

PH 

ft 

O 

ft 

CO 


B 

0 

> 

•H 

0 

0 

0 

ft 


ft 

CO 

ft 


i 


<  vi 

~j  0-1 

c  c 

f-i 

r 

ou 

b .)  c 

1  .  / 

O'.  1 

;  . 

f v  1  ■ 

1- '  '•)  V. 

ro  •>-. 

;  *  - 

i  i 

,  .•  .  •  c 

v  ou  r  • 

z'  K. 

• 

*04 

«  c 

c 

« 

1  '  1 

.  V  ;o  i 

10  no 

H 

J 1 

;  .  ( OVJ 

i. 

/  .!  C  - 


r  i! 


-  -  '  -  .  -  •  t  ■'  -J 

•  •  «  «  »  j  v  • 

.  — 1  <  '  .  o ' 


.  / . 1  < 

;  ;  Cj 

«  •  « 

)  1 


O  •  O  -  J 
(  l  .  / 


i  U 

/  -i  c  / ..  ;  ,  c 


( o  t'n  H 


. 

C  ’  '  v  -  -  ■  V-  > 

■  ,  t  -  "U 

A-  : 

f  ■ 

—  * 

!-» 

C  K 

- :  So  a. 

:  . 

* 

•  •  • 

»•  *  *  « 

4  4* 

«  • 

• 

• 

/ 

/v 

/  f  • 

y . 

K  h> 

I-- .  i  O 

/o  __ 

•  .  C  c 

0  I-. 

v  ou  — j 

Oil 

*.  . 

:  ,  i  c  c 

-  .  ■  .  h 

C '  on 

o 

,  i 

z  '  r  &  ‘ 

t-  •.  . 

M 

C  " 

—  j  Ml  —1  f 

/  ' 

C  oj  ;  , 

/“J 

:  . 

• 

/  ■  • 

• 

* 

•  • 

! z 

z~D 

\ 

> 

r  > 

AJ 

I  l 

1  >  i,  t~ 

/  * 

/ 


/  .  .  i  • . 


:  i 


/■  it 

-  -  /  V 

!  /•.'/' 

— j  -  -  ‘  /  i)  /'.!  C  /  i.’ 

C  f"  Of)  l 

ri  i  i 


-  •  * 

-j  ■  ov; 


- 

. 


/  f. 


< 

c  ;  .  ;  . 


r 


i  i 


h  . 


(  '  C. '  /  > 

;  . 

-  :  C 

l  i .  -  . 


h  i 
M 


H 
;  i 


•  : 

:  : 


w 


^3 


c 

z  .  l 

no  o  m 

i 

/"V! 

rl  , 

/  .  /  o 

h  - 

j  .  . 

i  - . 

' 

—1  l-i 

.  ’ 

a 

4*4 

*  » 

• 

OU 

SO  OS 

o  . 

i-, 

/  V 

}■  i 

Ki 

I-  . 

( 


/*• 

a  • 

V..  -> 

r 

y  ■ 

v.  y 

A 

/ 

o. 

O  "N 

V 

i-. 

re 

A  "S 

S.  ^  /“  , 

s..  y 

T 

s.  > 

r-  r  i 

s 

J.*; 

!v 

»  » 

o 

r  r 

o. 

■  *  • 

r  o 

u.’ 

o 

6 

<;  o  n-  ■ 

K- 

1  .• 

r  v.  - 

i_  I- 1 

c 

0 

* 

o 

("j 

n 

U  1 

b 

r  .  » 

CJ 

v  J  -  -  C  * 

c  I-*. 

o 

t:  !•  ;•  . 

11 

•  •  i 

« 

■ 

1 

u  : 

i 1  6 ' 

vC  )  ? 

6 

*•  i 

*  C.  o 

o 

c 

G  C 

o 

o 

-I 

!  .• 

•  •  O 

|  . 

•  f5 

CJ  , . 

CJ 

CJ  ft) 

w 

o 

» ,  *  * 

M 

G 

o 

•  ti  i. 

& 

>■ 

f  I 

»•  » 

4  •  ►  1 

.  . 

; : 

A-15 


tv-  OJOON  4  ONCO 

LT\  CO  CM  UA  rH  UA  UA 

C~ —  C —  < — l  ON4  H  CM  H  O 

4  m  CM  CM  H  CO  CO  CO  O 


ir\ 

CM 


on  on  vo  on  tv- 

CM  4-  CM  H 


O 


H  CM 
IV-  00-4-  CO  OO  UA 
vo  co  on  tv-  C —  VO 
-4-  O  -4-  UA  CM  -4-  CM 
OVO  OmacO  unco 


VO  4 

H  H 


CM  on  o 


ON  O 
on 


co 

LT\ 

• 

O 

CM 


vo  5= 


CM 

VO 

o  co 

ONCO  rH 

on  unoo 

4 
tv-  o 

CM 

C" — 

CO 

CM  tv- 

vo  IV- ON 

cm  moo 

CM  H 

o 

ON  O 

0  4-4- 

co  4  m 

PQ  UA  CM  CM 

m  o 

UA  O 

CM 

CM  CM 

H 

H  UA 

4  UA  ON 

CM  CM  O 

UA  CO 

rH  CO 

ON 

• 

• 

•  • 

o  •  • 

•  •  • 

•  9 

•  • 

• 

UA 

<  1 

on  On 

UA  ON  UA 

0 J  OJ 

CM  O 

UA  O 

ON 

CM 

cm 

4  CM  H 

rH  H 

4 

vo  O  O  vo 
on  cm  cm  tv- 
un  un  On -4*  -4-  on 
UA  CO  H  -4"  rH  4 


CM 


H  on  on 

CM 


-4"  tv- 

C— vo  H  CO  Ov  ON  VO  H  on 

on  t—vo  vo  on  cm  co  tv-  vo 

On  on  ua  ^  inmcMco  o\H  o\  H 

CO -4- -4-  V—  un  CM  t —  tv-  O  C —  -4 

•  •  •••♦♦«•  • 

On  ua  ua  m  CM  CM  O  vo  O  On 

CM  H  H  H  _4  H 


3 


4 


O 

-4 

O  00 
ON  rH 

VO 

CM 


CM  O  CM 
CO  CM  -4 
ON  _4  -4 
on  i — l  -4 

•  •  • 

rH  on  rH 

on 


co  cm  vo 
c— 4  on 
o  -4  vo 
VO  4  rH 

•  •  • 

vo  H  ua 
-4  on  H 


H  VO 
vo  CM  4-  on  CM  4 

cn  tv-vo  vo  4-  on 

Q  CO  VO  H  CM  CO  4  CO 
CM  O  CM  00  [—  ON  tv- 


IT—  UA  CM  CM 

i — I  i  1 


o  co 

4* 


UA 

on 

ON 

I— 1 


IV-  CM  O  ON 

tv-  4-  CM  on 

on  ;s  o  c—  o  4-  ua 
on  tr—  H  cm  h  o 


UA 

CM 


H  on  o 
on 


tV-  ON  00 
vo  on  CM 

VO  UA  H 
rH  O  H 

•  •  • 

D—  O  tv- 

on  on 


cm  o 
H  moo  vo  ON  CM 
CM  O  H  O  CM  CM 
on  unco  m  ua  m  ua 
CM  ON  CM  O  tv-4-  IV- 


un  cm 

H  i  i 


cm  m  o  vo  o 

UA 


vo 

4* 

ON 


CM 


UA 

rH 

CM  VO 
on  rH 

9 

vo 

CM 


UN 

CM 

CM 

•  - i 


o  o 

CM  VO 
4-  CO 
H  UA 

•  • 

on  O 
on 


t-O 
Onvo 
on  co 

VO  UA 

•  • 

tv—  O 
on  on 


tv- 

on 

H 

rH 

• 

IV- 


t—  vo 

o-  O  to- 4-  O  on 

00  t-H  O  CM  H 

W  UArH4  ON 4-  CO  4' 
O  VO  4-  CM  tv-  H  tv- 


tv-4-  CM  m  O 

i — 1  i  i 


ON  O 
UA 


o 

VO 

ON 


rH  V-  O  00 
ON  !V-  CM  CO 
rH  UNCO  4-  -4 
t~—  rH  4"  rH  m 


UA 

CM 


on  o 
m 


4-  co  vo 

vo  co  tv- 

o  4-  ua 

cm  onco 

•  •  • 

IV-O  VO 
on  on 


co 

0004-  V 
CM  O  CM  onco 
CM  ON  on  H  O  4 
ON  CM  VO  V-  tv-  H 


ua  on  cm 

rH  rH 


m  o  co 

VO 


3 

CO 

o 

t- 

• 

o 


ON 


a 

O 

•H 

-P 


£ 


CQ 


U 

0 

.5 

0 

o 

0) 

PS 


0  P 

>  o 

■H 

o  «  w 
aj  o  cq 
H  <y  ccj 
PS  S 


CQ  . 


CQ 


CQ 


a)  ^ 
p  O' 
P  bp 


o 

-p 

CQ 


O  CQ 

m  ps 


U  P  P  P 
O  O  O  O 
p 

p  CQ  CQ  CQ 
O  CQ  CQ  CQ 

-P  .<3  .<3  $ 
CQ  2  S  S 


CQ 


ps 

CQ 

PS 


CQ 


pj  cq  d 
o  g  ° 
•H  P)  *H 

o  o 

cd  PS  cd 

£££ 

P  P  P 

O  O  o 

CQ  CQ  CQ 
CQ  CQ  C Q 

«}  & 

•M  ^ 


CD 


0 

H 

& 


CQ 

+ 


CQ 

a 

rH 

CQ 

a 

H 

O  CQ 

a 

O  B 

CQ 

v — ' 

VD  t  O  S 

/ — \  ' - - 

a 

CD  -P 

v — /- 

o 

S-’o- 

•H 

-P 

o  o 

o 

-p 

0  p  p 

a  o  o 
o 

3  CQ  CQ 
o  CQ  CQ 


0  O 

H  vo 
& 


0 

I 

P 

o 

0 


rH 

o 

> 


RSH  =  Receiver  +  Stopper  +  Hanger 


l  . 

1  /:! 

/  • 

(  ■  /  J 

c  ,  o 

l 

r-i 

r  • 

-  ■ 

<  . 

V  ■  /  • 

<L  /T.I 

1.  /  : 

C  i  J 

O  C  /"iJ 

/  •  /tj  ;  . 

'  ;•  I  ; 


i  .  , 


SO  O  10  -'l 

.  :  to  c  '  ra 

;  .  /  -  -i 

.  h .  •  : 

•  •  •  • 


;•  c  ,  :• 


c  >  o  *’  ' 

-  .  •  ■ 

/  :  h  .  t 


cj 


r  .  (  )  h  /0J 


— ] 

1 

/  c 

-  .  C  -  l 

■ 

,V> 

1  >  ,  t 

•;  r.\ 

/  —  j 

* 

♦ 

( 1 1  Ail 

f  • 

*»  9  * 

si)/.  V, 
. 


/  .  :  /  ; 
r">  *  .  •  (.  /’■■ 

*  9  •  * 

t  •  h  i 


h  i 

1 

1r- 

c  1  - : 

/’ll 

0> 

>  C 

—3 

i  ,  v ..  C  ' 

‘i  •  h  > 

a 

*  * 

-• 

a 

•  « 

♦ 

•  aw 

•  a 

• 

■ 

O  ( 

O 

!  / 

/  :  1  ,  <  ' 

:  i  r . 

H 

hi 

/■'i 

I~» 

I  •/  -  . 

i 

i  ■ 

,  t  4  v 

s  ro  aii 

(  J  C'; 

/  u 

1  .  i  i 

,  . 

;  .  - 

a 

a  a  a 

« 

* 

«  • 

Aj 

— J  >  -  1 

.  »  /"'J 

/  j 

;  . 

. 

CV  -J 

C  —3 

<  - 

<  r  / .: 

/  u 

h . 

c 

. 

!  < 

-  .  K  »  -  j 

.  J 

}•  . 

9 

a 

«  a 

*  •  a 

a 

c  /o  c ' 

’»*  -  — 

—  .1 

c  - ; 

.  i 

r.  i 

b  ,  }—• 

I  . 

- 

"  'j 

i 

o 

;  ,  t  w  ■  i  :  * 

/  1 

■,-T  ' 

H  » 

.  *  1 

“1 

; 

.  j  f 

■  .■  V . 

h 

-■  _ 

H 

« 

a  a 

a  a 

* 

* 

(  i  i  d  r  i 

<  - 

rc 

t 

!}i 

U 


✓  N 

/  *» 

C3  b 

s'  > 

V  ' 

.  -i 

(!’ 

”T 

a 

Ss»  •* 

^  V 

V-> 

^  >■ 

H- 

a 

1 

« ; 

C  O  C  0 

■  i* 

H* 

j.  . 

^  o 

v  .• 

* 

• 

o 

S  .  c  .  O 

q 

1  " 

*  ■  '  C  •  •  Ci 

t)  :  • 

« 

J-  . 

Cl 

c 

. 

fit-  O:  '  :  ' 

n 

1  ;  " 

• 

o 

o 

c 

i- 

!  •  c;  e  > 

:  • 

•  r 

n 

n 

o 

i  1 

,  Kl  r  !  O  ft) 

w  w 

0 

C 

• 

l  1  3  I  — 1  ,  > 

i  J, 

•  •  1 

»  1 

*  t  • 

o 

n 

in 


: 


:  i 


A-l  6 


on 
vo 

in-  pp  vo  ft 


3 


OJ 

CO 

OJ 


H  O  O 
ft  OJ  PO 
ft  co 

H  LfN 


3 


H  rOOJ 
ro 


O  O  O 
vo  co  ro 
ft  co  ft 
OJ  tAH 

VO  OJ  CO 
4-  Or) 


o 


CO 

CO 

o 

on 


VO 

CO  LOCO  VO 
CO  LT\  ftVQ 
O  O  LO  H 

O  G\  u-\00 


VO  ft 

H  H 


co 

CO 

LO 

ft  H 

IN-co 


OJ  CO  o  H 
ft 


LO 

H 

VO 

H 


CO  1C-  O  LO 

_  LO  LO  OJ  OO 

VO  PQ  LOVO  UNft  LO 

ON  H  4  H  f- 


ON 

OJ 


»— I  co  co 

CO 


CO  rH 

CO  LO  CO  CO  LO  CO  ftft  f — 

LO  CO  OJ  LTN  CO  CM  OJ  CO  ft 

OJ  lo  t^-  PQ  oj  cm  coo\H  on  o 
VO  ftCO  OJ  OJ  O  LO  ft  ft  to-  on 

•  «•••«••  • 

ON  CO  LO  4'  OJ  OJ  OJ  O  LO  O  ON 

-4"  CO  rH  rH  rH  ft  (H 


4 


O  O  OJ 

VO  OJ  ON 

LO  [2  00  LO  O  4*  OJ 

ft  CO  H  OJ 


3 


-4" 

OJ 


H  COON 
OJ 


O  OJ  co 
oj  On  oj 

LO  OJ  OJ 
ft  OJ  LO 

•  «  • 

4  CMO 
-4  OJ  H 


-4* 

ft 

o 


ON  LOVO 
CO  COCO 
CO  ftco 


ft  LTN  H 


LO  CO  OJ  OJ 

H  rH 


OJ 

-4 

vo 

ON 

CO 

IN- 

LfN 

14- 

-4 

ft 

o 

IN- 

ON 

O 

o 

O 

ON 

LTN 

H 

*0 

1 

•H 


O 

w 

I 

CO 

a 

K 


R 

rH 


ON 

LO 

-4-  -4 
IN— 

-4 

OJ 


VO 

VO 

5 


O  LO 
CJ  -4 
-4  CO 
H  io 

•  • 

CO  ON 
OJ 


ON  104 
00,4  ON 
H  POt^ 
LO  LO  ON 

•  •  • 

-4  ON -4 
4  OJ  rH 


P 


ON  OJ  ft  co 
OJ  IN—  LOVO 
H  VO  -4  OJ 
OJ  O  H  CO 

•  •  •  • 

ft  LO  OJ  OJ 
H  H 


ON 

rH 

ON 

LOCO 
IN- CO 

•  • 

O  ,4 
LO 


vo 

-4 

CO 

LO 


rH 

O 

8 


ft 

O 

CO  rH 

pi 

LTN 

WO  4 

CO  ft  H 

ft  (Oft  vo  CO  H 

o 

a 

4 

ft  CJ  CO 

ft  CO  ft 

ON  O  ON  O  CO  CO 

o 

o 

CO  a  4-  CO 

VO  ft-  CO 

ftCO  ON 

O)  H  LfN  VO  (Oft  VO  ft 

ON 

' — y 

H 

O  ft 

H  rH  o 

O  O  ON 

OJ  ON  OJ  O  ftft  ft 

VO 

Eh 

iH  • 

•  •  • 

•  •  • 

•  •••••• 

• 

H 

ro 

H  COCO 

vo  CO  ft 

LTN  OJ  OJ  CO  O  ft  O 

o 

H 

OJ 

OJ 

CO  OJ 

H  H  LfN 

H 

OJ 


ft  ON  O  vo 

O  H  OJ  4 

ft  OJ  CO  ft  ON 
LO  LO  H  OJ 


-4 

OJ 


CO  ON 
OJ 


O  VO  4 
10,4  O 
OJ  ON  ON 
VO  OJ  CO 

•  •  • 

VO  ON  IN- 
CO  OJ 


-4  -4 

OJ  O  OJ  -4  CO  H 

CO  ft  rH  O  LO  LO 

WCOHOJONCOOCO 
O  vo  -4  OJ  ftCO  ft 


8*3 


OJ  CO  O  O  O 
VO 


Bn 

ON 


o 

O  O  O 

CO  O  co 

rH 

CO  OJ  vo 

CO  VO  OJ 

ft  rH 

rH  ft  ON 

CO  ON  ft 

ft 

OJ  H  ft 

VO  ft  CO 

• 

•  •  • 

•  •  • 

LTN 

H  COON 

ft  ON  ft 

OJ 

OJ 

CO  OJ 

ft  ft 
LO  O  LCNft  LO  CO 

O  O  O  (Oft  CO 

CO  ON  on  h  oj  o  oj  co 

ON  OJ  VO  ft  CN-CO  in-  00 

•  • 
to  ro  OJ  co  O  CO  o  O 
I—)  rH  VO  rH 


Pi 

0 

to 

i 


w 


Pi 
0 
> 
•H 
CD 
O 
<1) 

Pi  , 
0  P 
!>  O 
H 

0  0  W 
bow 

u  0  b 
£  «  S 


b 

o 

•H 

-P 


n, 


:.4 


W 


W 


u 

0  U 
Pi  0 


W 

a 


ft  no 
o 
-p 


w 

CO 

00  P3  K 


Pi  <1-1  P  P 

o  o  o 


ft  W 

o  w 
0 

si 


w 

w 

& 


CO 

w 

b 

s 


w 


CO 


K 

CO 

K 

+ 


Pi  w  b 
0  2  0 
•H  Qt)  *H 
-p -p 
o  o 
b  W  b 

ft  co  Pi 

ft  pq  ft 
ft  ft  ft 

o  o  o 

CO  w  w 
co  w  co 

^  ^  Jl 


/^\ 

w 

CA 

1) 

J> 

Cm  ^ 

0 

O  W 

rH 

o  a 

ft 

vo  50 

I 

w  -p 

S  b  P 

S)  o 

+ 

^  0  o  r 

rH  VO  2-1 

• 

•  Pi  O 

Pi 

0 

ft 

0 

5 
O 
b 
o 

6 


0  0  2 


ft  ft  ft 

o  o  o 


ft  o 
b  vo 

•  ft 

soo 


w 


ft 

D  O 

o 

VO 

>» 

ft  ft 


•H 

§ 

Pi 


b 

>> 

ft 


CO 

w 

II 


>  vo  C5  *H 


W 

w  ft 


8 


M 

ft 

<4 


w 

es 

0 

P 


CO 

rH 

S3 


Pi 

O 

•H 

ft 

0 

b 

£ 

ft 

O 

0 


rH 

O 

> 


Pi 

& 

ft 

O 

ft 

CO 


Pi 

0 

> 

•H 

0 

0 

0 

ft 

li 

ft 

CO 

ft 


5 


H. 


/ . 

O  > 

-  ! 

;c  ;  - 

c  -  j  ..  .  . 

<  c 

hi  C  Cj 

/  u 

i  i  r> 

*  i  . 

•  o 

• 

* 

*  « 

<  i . 

AJ  GO 

( o  m 

c 

- 

( 

/  J 

c.,  io  m 

CU 

,  }-./ 

-  f  ' 

rc  _  / 

C  /  . 

<J  2  -<l 

-  J  , 

J  . 

• 

•  • 

« 

t  a  > 

« 

/  :  f  • . 

(  0 

' 

nli 

}**i  CO 

•|i' 

QC/  A  v. 

- 

“  i  *  .  •  /"  _ 

t 

rv 

!  .1 

i  -i 

Ai 

/  *  f  * 

tZ  (  n 

-  j  CO 

/  / 

CJ 

S. 

/'  f  *  < 

/ .) 

• 

•  i 

/  • 

'  , 

-  ]  ’  H 

— ')  ( 

.  —  ■ 

t  i-  ! 

,  / .  / 

/  - 

1  '» 

—  j 

• 

♦  o  « 

• 

• 

• 

« 

/  '  __  - 

A  ' 

r 

o. 

A 

•  ”  *  i 

n 

— j 

»  1  —  i 

—  J 

r.i 

C.  'j  C  >  /  . :  C ' 

.f  o  - 

—  ? 

CD 

t  f-  re 

H  c  1 

■  v.  —^3 

— *  . 

_  •  -• 

/  f  ( 

c 

f  .  .  . 

• 

»  •  a 

• 

«  * 

a 

/  c 

r  o  Hi 

/  '  I 

1  i 

1  . 

10 

.  H 
)  ; 


n 

■  • 


C  '  CO 

—j 

/  .  -  . 

<  -AC.  I 

1 

A  •  .  »  L 

c  -  . 

— j  :  ■  . <  ■ 

Hi  /  i 

r> j 

-  c  • 

A'  f  o  H> 

Hi  Hi 

l 

/  .■ 

CO  !  ■  O  l  I  i  ,  /■' 

- „  C*—j  -  ;  '■  • 1  , 

(-1  < ; '  <  i  i  ■ 


- 


/ 


-  j  i  i 

«  ■» 


H 


/  N 

CO 


' 

/ — N 

S  V 

i  i 

* 

c-  > 

o 

(J> 

A  A 

— - 

o 

u) 

C  \ 

s' 

V.  * 

-  *U’ 

' _ s 

,  •» 

V  v  •» 

r  •, 

H  ^  * 

o  c 

hi*  t 

r  i* 

n 

J-,* 

VC 

-  o 

h1 

0 

* 

b 

(0 

s ;  c 

■H  •'!•  (  : 

c 

A 

J  ♦ 

c  . 

c  •  (J  : 

l-  V 

i  ’  A 

(0 

o 

O 

r:- 

O  b 

c.. 

o  c 

u 

V  o 

:  • 

j . ,<j 

• 

r:  r. 

w 

w  P.1 

n 

1  • 

h« 

U  H 

r  P 

C 

'  f 

•  i 

•  ^ 


A- 17 


on 

CO 

o 

rH 

CO  i — i  f — 

LfN 

CM  on  ON  CO  o 

IN- 

CJ 

on 

VO 

CM 

CM 

ltn  cm  rn 

o  onvo  in-  if— 

VO 

On -4 

on -4 

tf- 

LfN  IN— CO 

O  H  O  O  IfN  H  CO 

rH 

ON 

t—  H 

CM 

rH 

H 

VO  H  _4 

ON  O  On  LfN  CO  vo  CO 

CM 

• 

• 

• 

• 

•  •  o 

9  9  9  9  9  9 

• 

• 

1  l 

on  cm 

-4  CM  CM 

vo  -4  CM  on  o  H 

O 

ir\ 

CM 

on 

4  onn 

H  H  If 

H 

vo 


on 
ro 
pq  co 
in-  o 

on 

CVI 


vo  O  ON 
-4-  OJ  ON 
on  00-3-  LTv 
H  If  H  VO 

•  •  o 

H  on  on 
on 


on  vo 

on  ON-cf  co  ion  on  in-vo  co 

LfN  ON  LTN  ononOOJH  O 

O  LfN_4  pquNCMononoojo  on 
H  vo  _cf  OJ  CM  O  LfN  CO  O  co  CM 

•  •  •  •••••••  • 

ONOOLTN  CM  CM  CM  O  UN  o  ON 

-4*  on  i — l  i — i  i — i  i — i 


On 

-4 

un  PQ  vo 
vo  O 

ON 

CM 


UNO  J- 

on  cm  o 

CM  -4  -4  LON 
H  H  r|  m 

9  9  9 

H  on  on 
on 


CM  -4  CO 

on  o  cm 

LfN  LfN  o 
LfN  OO  CM 

•  •  • 

CO  on  LON 
-4-  on  H 


ft 


CM  c— 

CM  On  on  vo  CM  -4 

ifN  on  H  co  CM  H 

H  on  co  co  co  O  co 

IN-  LTN  H  |f—  £•— _4  if— 


LfN  on  CM  CM 

(— 1  I— I 


O  ON  o 
-4 


LfN 


ON 

i  i 


rH 

00 

D— 

ON  O  vo 

CM  vo  vo 

-4  CM  CM  onvo 

CO 

CO 

IN-  CM  CO 

O  00  H 

LfN  tN-CO  VO  on 

CM 

pq  cm 

•H 

0-4  IN¬ 

VO  If— CO 

Q  CM  VO  LfN  CM  VO 

o  vo 

CO 

LfN  H 

H 

'S  H  CO 

vo  co  t— 

CM  O  ft  CO  IN- co  tN- 

on 

• 

•  •  • 

®  •  • 

•  •  •  •  • 

9  • 

o 

ON 

H  on  on 

co  on_4 

C—  LfN  CM  CM  O 

on  o 

ON 

CM 

on 

-4  on  H 

rH  rH 

LfN 

rH 

[>-  CO  O  LfN 

LfN  VO  CM  -4 

on  PQ  ON  O  t— -4  H 
If  LfN  H  If  H  CM 


C'— 

CM 


on  CM 
on 


-4  LfN  ON 
O  -4  LfN 
VO  H4 
H  CM  ON 

ON  CM  VO 
on  on 


h> 


LfN  CM 
_4  on  H  vo  ON  CM 
m  O  on  O  On  on 
LfN  LfN  o  on  LfN  o  LfN 
cm  On  on  o  tr —  tr —  tr — 


LTN 

H 


SI 


cm  on  o 


-4  O 

LfN 


LfN 

i  1 

ON 


CM  VO  O  00 

f—  vo  CM  Lfv 

CM  PQ  ON  ON  O  -4  -4 

on  on  _4  H  On 


CM 


on  H 
on 


on  CO  LfN 
IN—  LfN  r— | 

H-4  f- 
co  ON  co 

•  •  9 

CO  H  VO 
on  on 


ft 


O  co 
on  O  On -4  on  ifN 

LfN  t— co  O  f—  vo 
t'—  (H  LfN  On -4  LfN -4 
O  VO  -4  CM  f — CO  t- 


cm  on  o  f—  o 

LfN 


o 

CM 

ON 


on 


CO  O  LfN 

on  cm  on 


H  pq  ft-  CO  -4  -4  cvj 


CM  t —  CM  H 


IN- 

CM 


on  cm 
on 


LfN  LfN  o 
VO  ON  f— 
ON  CM'O 
ON  H  CO 

CO  CM  vo 
on  on 


i — I 

LfN 

3 

VO 

I — I 


ON  VO 
O  H  -4  o  on 

O  ion  on  co  in- 

ON  H  i~i  LfN  LfN  LfN 

CM  co  If-  D—  H  tN- 


m  cm 

H 


on  o 


LfN  O 
LfN 


o 

ON 


Pt 

0 

W 

P3 

m 


Ui 


w 


Jh 
0 
> 
•H 
0 
U 
0 
ft 

u  , 

0  ft 

>  o 

H 

O  0  0 

03  O  0 

b  u  A 

H  Ph  M 


a 

o 

•H 

ft 


ft  ft  ft 
0  o  o  o 
ft 

ft  W  CQ  to 
o  w  w  w 

ft  cd  cd  0 

calls 


w 


Pd 

co 

ft 


d  2  a 
oho 

•H  G)  *H 

C>  O 
a3  ft  Ci 

ft  ft  ft 
o  o  o 

w  co  co 
co  to  co 

4  $ 


to 

rH 

a 


pj 

o 

•H 

ft 

O 

ctf 

£ 

ft 

O 

0 


O 

> 


+ 

0 

ft 

ft 

O 

ft 

CO 

+ 

u 

0 

> 

•H 

0 

O 

0 

ft 


ft 

GQ 

ft 


J~. 


m 

O  CO/T  i  ■  I 

-  :  -  j  (  ’  i  ( 

;  .  c  >  <  i  .  o 

I  '  v  ,f  l:  /  -  /• 


H  ( 


I-  .  H 


-  :  CD 

ro  i  >  /i) 

/  i 


o  « 

h  I  ('ll 


r  ■  C  CO  ro 

'  to  c  '  ro 

-  .  1  Of 

r  ■  .  i  -  •. 


: .  ,  •  I  i 


,  ') 

V. 


O' 

r 


■  n i  co 


c  10  c  •  (  :  v  r  p 

V:  '  C  t 

i  ■  hi 


t-./O  ro 

A  A  /V  /V 

/v  -i. 

o  m  c  . 

V  .  C  ’  hi 

,  . 

■  : 

•  «  J 

o  • 

«*  • 

, 

ro  ro 

h~>  CO 

r  •  .  o  -1  , 

-3 

I  ;  .  H  ,  j 

c  j  c  ■  ;  .  r. 

— j  —i  i  - 

a  ^  «o  <  «  •  « 

c  t  '•  O  to  to  ro  ou 

■  -  I — J— « 


Cl  '1'  f:\ 


i  ■  , 


-l  -c  OD  /O 

r-A  -t-  .  !/.  C  'PV/tj 

r  hi  h  h  O  C 

•  »  *  • 

■  •  no  i  40 

LO 


h 

C  '('*•  L  .  . 

0'  c 

v  C  ■  — : 

f  -  Cm 

C  0 

•'  c 

- ;  c 

-  .  (  .-i  < 

e 

*  • 

• 

4 

/O 

r*i 

o  ro 

Oi.l 

O  10  t  / 
h  1 

!  • 

1^.  r 

m 

r.3 

,  c 

/  r  /  j 

rv 

/ 

r  .  . 

6 

X. 

/"  : 

/'JO 

/  ’  1  ,  C 

c1 

;■  . 

i  , 

:  , 

-  ,  O  ro  /■ 

so 

J-l 

,o 

o  no  io  i, 

ro 

h~. 

ro  O’; 

/  '  .  v  /•  C  .  . 

C  ’  -  j  O  C  • — j  ra 

■  ./v  •  -so  ,  j  h  - 

-  ;(  - :  i r 

#»*♦«*  » 

C  -  j  6  rn  to  lu-'j 

/“J  h.  hi 


cu  c :  ro 

r  I  n\  —j 

- v  -  h  -i 

/ 

*  •  • 

Q-'H  Co 


-  -»  - 
f  f- 


;  -i  0 


/  • 


hi 


I 


-  j 

f'J 

a  ,  ro 

i'l  /  •;  . 


1*1  —  • 


C  c  O' 

/v  to  g> 

t-  t.  O/O/o  W 

,  O  00 


I- 


l  .  t  . 

* 

H 


PQ 


h  : 


o 


c. 


h  i 


'0 


■  - 


r 


c j  ro 

.  n  C  -fcr.  I — >  '  ;  !-i 
i  -  C  -  J 

/  .  u  /0  h-.  h  A  r 

-  j  f- 1  -  j  -  ] 

O'  r,  :  C 

!—i  J-i 


■  ,  t . 

/  o 

C  cX> 

c  ■  / 

i  i  .  c 

C  1  H  /  O 

J-l 

•  •  « 

• 

-  *  • 

O-  IT'  00 

I/O  r  /  r-1  -1 

( 

cl 


h-> 


/  s 

A 


CJ 


o 


u> 


q- 

/■ 

i 

,  1 
•» 

H* 

So 

CO 

c> 

r  ^  » 

«. 

O 

c  c- 

• 

H* 

hi* 

& 

<; 

!  •,» 

t} 

C  V.  • 

^  C  hi 

•w  ' 

CL 

' _ / 

o 

H* 

Q 

O  tP 

• 

* 

6 

a. 

O 

O 

o 

D 

R 

< 

O 

fh  cf 

f : 

q- 

f-f 

b  !-'• . 

O 

• 

:? 

R 

Oi  :  ' 

H' 

1 

h p 

K> 

r. 

t' 

0 

o 

'•  r, 

o  •  c 

c. 

c.i 

C 

c 

o 

o 

O 

• ! 

1  i* 

:■  (.3 

L  '  •  C 

h  • 

C’J 

•  Cl 

CO 

CJ 

n 

CO 

o 

O 

o 

CO 

o 

O 

b 

a 

c.  • 

•.  . 

r-  . 

t  1 

t-  . 

A-l8 


is-  oj  o  ON 
ltn  CO  OJ  ltn 
ts-  Is-  H  ON-4-  H 
S-  CO  OJ  OJ  H  00 


LT\ 

OJ 


iH 


OO  ON 
OJ 


-4-  ON  ltn 
-4-  ITNCO 
lArl  n 
H  CO  OO 

ON  ON  OS 
OO  OJ 


O 


CO 

H 

OJ  . 
On  o 


H 

OO  LTnCO  OO 
OOCO  S-  O 
O  rl  IOOJ 
On  Lf\00 


OJ 
LTN 
ON 
O  H 
O  CO 


VO  -4- 

I — I  I — I 


OJ  OO  O  r-l  o  H 
-4-  H 


VO 


OJ  VO 
(S-  CO 
__  On  O  O 
VO  OJ  OJ  H 

•  • 

LON  H 
OJ 


O  CO 

rH  CO  OO 

OO  LTN  CO 

vo  ON 

tS“  OO  LTN 

OJ  ts- 

CO  tS-O 

00  00,4- 
PQ  vo  OJ  .4- 

oj  ts-  vo 

-4;  -=*■ 

itn-4-  H 

OO  O  vo  O 

LTN 

i — 1  LTN 

rH  LTNVO 

OJ  OJ  o 

LTN  CO  tS-CO 

OO 

•  * 

•  •  • 

•  •  • 

•  •  •  • 

• 

oo  On 

LTN  ON  LTN 

OJ  OJ 

OJ  O  OO  o 

ON 

OJ 

-4"  OJ  H 

i  i  H 

-4- 

H 

VO  O  ovo 
on  oj  oj  c— 

LTN  ^5  LON  ON-4"  -=ir  OO 
ION  CO  r— 1  -4"  rH  -4" 


^4" 

OJ 


H  OO  On 
OJ 


t —  iH 

OOVO  ts-  On  ion  VO  VO  On 

OO  O-  LTN  O  oovo  CO  to-  VO 

UNOOH  OO  OO  ONCQ  CO  -4-  CO  On 

cO-i'-^'  s—  ltn  H  t—  r—  rH  t>-  ltn 

•  ••  •••••••  • 

On  LT\  1AOOCVI  CJ  OCO  O  ON 

-4*  OJ  i— I  H  iH  -rj-  r- 1 


o 


rd 

0 

1 

•H 

p 

O 

O 


H 

H 

H 

> 


VO 

OJ 

o 

OJ  O  OJ 

H  OJ  ON 

OJ  OJ  O  oo  LTN 

CO 

^4- 

CO  OJ  -4- 

O  -4-  LTN 

OJ  IS- LTNVO  ON 

CO 

v-  - 

O  co 

ON-4-  -4" 

vo  -cr  <H 

Q4VO  ts-OJ  VO 

ts- vo 

-4* 

ON  H 

on  H  -4- 

H  -cf-  ts- 

OJ  O  «H  CO  S-  on  ts- 

• 

*  4  • 

•  •  • 

•  •  •  •  • 

•  • 

VO 

rH  OO  rH 

to-  H  LTN 

ts-  LTN  OJ  OJ  O 

OJ  o 

OJ 

OO 

4-  nH 

H  H 

LTN 

is-  OJ  O  On 
O-  -4*  OJ  OO 

ns  o  hOJ-  o 

OO  C—  rH  OJ  r-J  O 


LTN 

00 


H  OO  O 
OO 


CO  ON  ON 
t—  OO  CO 
OO  LTN  CO 
-4-  O  OO 


C-O 
OO  OO 


IS- 


h) 


CO  ltn 
H  OOCO  VO  CO  H 

4-  o  no^o  vo 

-4-  LTN  ON  OO  LTN  LTN  LTN 
OJ  ON  OJ  O  S— 4"  iS- 


ITN  OJ 
<H  rH 


OJ  OO  o 


LTN  O 
LTN 


-4’ 

O 

OJ 


IS¬ 
C' — 

ON 


a 

PQ 


OJ 


& 

OJ 


LTN 

<H 

OJ  VO 
OO  H 

VO 

OJ 


LTN 

OJ 

H 

•  l 


o  o 
OJ  vo 
-4-  CO 

rH  LTN 

•  9 

OO  O 
OO 


O  O  O 
ltnvo  On 
ion  co  vo 
O  ltn-4- 

•  •  • 

COOh 
OO  OO 


US 


H  ON 
rIO  H4VO 

o  s—  no  H 

ON  H  t'-  ON  LTNVO  LTN 

O  vo  -4-  OJ  to—  to—  tS— 


to- -4; 

I — I  I — I 


CVJ  OO  O  vo  o 

UN 


LTN 

ON 

ON 


a 


rH 

H 

to- 

• 

LTN 

OJ 


to-  o 
to-  OJ 
LTN  CO  -4*  -4" 
H  -4-  H  OO 


H 


OO  O 
OO 


-4*  CO  VO 
C— 00  00 
IO--4-  0J 
LTN  OO  0J 

•  •  • 

C—  O  S- 

oo  oo 


OJ  OJ 

00  O  CO  -4'  H  -4- 

LTN  O  LTN  OO  OJ  H 

<tj  _4*  ON  LTN  rH  -4’  C—-4" 

O  OJ  IN-  t>-  t—  rH  f- 


VO  OO  OJ 

rH  rH 


OO  O  ON  O 
LON 


LTN 

IS¬ 

ON 


CO 


co 


co 


co 


P 
0 
> 
•H 

0 
O 
0 
pc; 
p  , 

0  fH 

>  o 

•H 

O  0  CO 

cd  o  co 


p 

o 

•H 

-P 


co  - 

i 


CO 


CO 


0  P 
Pc  0 
Pc 

O  ‘ 
-P 

CQ 


P  SxJ 
cd  co 
K 


!h  H  ^  <H 

O  O  o 


B, 


p  (0  CQ  CQ 

O  co  co  co 

£  j|  5  ^ 

Ui  ^  ^ 


US 

P 

CQ 

CQ 

0  o 

K 

I!) 

H  O 

P  vo 

+ 

' — x 

a  r — *** 

CO  CQ  -p 

p‘ 

W  P 

CQ  g.  cd 

o 

•H 

-p 

o 

cd 


o 

•H 

-P 

0 

cd 


jLc  CQ  P 
hKfq 

th  H  H 

o  o  o 

CO  CO  CQ 

co  co  co 

.3  Jg  il 

1*^4  ^—4 


a 

O 

P  CQ  CQ 
o  co  CO 

£11 


co 

rH 


p 

O 

•H 

-P 

§ 

£ 

P 

O 

0 


rH 

O 

> 


l 


RSH  =  Receiver  +  Stopper  +  Hanger 


« 

I  . 


'<  c  <r.i  ro  r  ) 

I 


C  i  I  !  C 

h.  H 


■  i  i"C  -t. 

fX  1-1  II 

m  c  '  hi 

•  •  9 

ro  ro  ro 


9  «  9  « 

ro  .  o  i-  ,  r 


ro 

/'u  -j  CX>rM  <  ■'! 

f  1  — ■ i  i  -*  r, .  : 


ro 

Hi  “fc.  H»  1  i 


H 

S  -  :  ( 

C  Aj  Hi 


/ 1)  /  r 

I  V. 


0)0  C  '  l/.) 

-  «  ( 

.per:  O' 

r.  hi  Hi  !  U:  o 

9  9  9  » 

ro  r  .  1-.  rr 


-3  - 

,  -  •:  •'.'/■•r. 

A  l 

-  .  h 

H. 

ru  - , 

i  .  •  /  u  r  .  /M  /•  f 

-i  .  -t.  .  .  1  .  ,  !  c  . .  ii 

•  9  9  9  «  9  9 

/  1  /  -  v  -  ro  ro  Hi 


/  l: 


tO 

— 1  f  i  — "j 


y~  • 


)  !•  C.  I 


1/3  o  Vi 

o 

r  : ' 

r  r-  O 

,  0'.' 

-  i 

i  i  -fc, or 

i  C  :  - 

-  j  Hi 

h  .  Hi 

ro  f- 

rr  -  j 

’  |-1  —3 

Hi  03  >■  . 

;-i  ^ . 

Hi  ro  -U- 

H  .  1  (  e  x 

*  > 

/O  ro  Oo 

.  •  :  c  r; 

■  i'  .  - 

■  1 

.  c  ; 

—  I 

ro  o 

c  :  .  i 

)  'i 

9  9  9 

9  9  9 

9 

c  r  •  C  o  L  L 

Al 

C  ~  j 

C  To  H 

rr 

ro 

H 

. 

1-. 

c  c 

U 

/OJ  /II 

!  , 

c 

r. 

c  ru 

(  '  Vi 

:  , 

rv  r 

/  -  ^  H 

• 

C 

CO  AJ 

: 

-  J  - 

-  • 

r  •  O 

r  ■  i-i 

i  1  <  )  , 

9 

9  9 

•  9 

9  A 

—J 

C  t  : 

c  ro 

hi 

rv 

h  > 

ro 

Hi 

:  : 


• 

►  i 

. 


i  •  . 

/ 1 1  n 

i-  ■ 

ri  r  i 

i  i 

H. 

. 

n j 

v  -  !  -i 

,•  j  /. 

•  •  > 

:  - 

(.  y  v: 

i  .  .  i  . 

A 

_/i 

J 

ho 

-0  -  j 

in  03  aj 

. 

•r-  Hi 

— j  1 1 

• 

9  9  9 

9  9 

9 

9 

ro 

Hi 

H 

— j  o  — : 

O  f  . 

h  i 

y  U 

✓  > 

/■"N 

f  F, 

(l! 

S-  - 

b 

v.  / 

o 

i  *  I 

1-"' 

'  ■_ 

.1  0 

r 

0> 

ra 

..  c 

hi 

i ' 

6’  c  • 

d‘ 

“■-.y  /- 

c;.  _j 

n..  y 

A 

N* 

M 

CJ 

’fe 

V 

A  y^'« 

c 

,i 

O 

'  + 

H- 

It 

c'  A  O 

hi* 

('  hi 

N. 

H* 

• 

9 

O 

<5 

U  H 

O 

•  .  i 

( j 

o-  v  ■ 

6)  h- . 

h)  0  <c 

i.  ^ 

4  ii 

O 

.  f-:- 

("> 

'■  5 

ii 

i'  * 

■  i 

u 

Or  ;H>  :  ' 

>-?  o 

HP 

K-’ 

K' 

U) 

IP 

c:- 

!•  O 

•  O  . 

0  f  . 

c 

O 

COO 

i  • 

!  • 

- 

c  u 

CJ 

C3 

O 

S  ) 

hi  ;  : 

r  l  ;  o 

o 

r  ■ 

* 

'•  »  -i  *-*-i  , 

r  .  .  . 

H 


A- 19 


ON  HO  O 

NO  -4  OJ  CO 

in-  0  no  c—  cvi  m 

rl  r)  IA 


o 

H 


OJ 

CO 

OJ 


H  PO  OJ 
po 


Q  VO 

^  O 


VO 
po 1 
on  on  vo 
ltn  lpn  o 


OJ 

If 


OJ  o 
cn  H 


o 


vo 

LfN  PO  OJ  CO  CVI 
4-  POH  0-00 
H  O  H  ltn  H 
ON  O  ON  LTN  CO 


t— 

-4 

tN- 

OO  H 
-4  CO 


VO  -4  OJ  cn  O  H  O 
H  H  -4 


H 

PO 

OJ 


00 

0-0 

LfN 

ON  LfN -4 

ON  POVO 

ON  OJ 

H  LfN  VO  C— CO  H 

LfN 

LfN  OJ 

PO 

IN—  PO  PO  OJ  vo  vo 

ft  LfN  VO 

LfN -4 

LfN 

OJ  LfN  C — 

ftvo  OJ  -4  PO  o  VO  O 

PO 

On  H 

-4  H 

0- 

O  IN-OJ 

OJ  OJ  O  ltn  CO  CO  CO 

OJ 

• 

•  * 

• 

0*9 

•  •••••• 

• 

ON 

H  PO  PO 

VO  PO  OJ 

-4  OJ  OJ  OJ  O  PO  O 

LT\ 

OJ 

PO 

4  POH 

H  H  _4 

H 

OJ  O  O  OJ 

H  VO  OJ  ON 

LTN  ^  CO  LTN  O  -4-  OJ 


3 


-4 

OJ 


H  PO  On 
OJ 


PO  OJ  H 
IN-  ON  CO 
4  W  H 


PO  H  OJ  CO  OJ  VO 


-4  ON  LPN 
-4  OJ  H 


H  U"N 
O  On  H  VO  H  PO 

O  POVO  CO  ri  o 

W  4  coo  co  On  VO  On 
IN-  LfN  OJ  N—  C —  PO  [— 


LTN  PO  OJ 

H  H 


OJ 


O  C— 
-4 


VO 

t— 

9 

ON 

H 


ft 

VO  OJ 

ON 

VO  O  LfN 

H  LfN  VO 

On  OJ  0-  PO  0-  O 

ft 

LfN 

VO  OJ -4 

LfN -4  O 

vo  0-  ONVO  _4  -4 

5 

-4 

S4444  PO 

u*N  PO  OJ 

ft  LfN  VO  00  OJ  t4--4  0- 

LfN 

a 

H  C— 

vo  H  LfN 

O  LfN  LfN 

CVJ  O  H  00  t —  H  O- 

o 

/^N 

H 

H  • 

•  •  • 

•  •  • 

9  9  9  9  9  9  9 

• 

cn 

-4 

H  PO  ON 

LfN  ON  LfN 

C—  UN  OJ  OJ  o  H  O 

o 

0 

■  ft 

OJ 

OJ 

4  OJ  H 

H  H  LfN 

OJ 

ft 

a 

•H 

g 

P 

o 

3 

LfN  OJ 

O 

g 

LfN 

OJ  O  IN- 

LfN  C— CO 

OQ  PO  LfN  VO  O  PO 

o 

o 

t— 

-4  OJ  PO 

vo  PO  OJ 

OJ  O  OJ  O  PO  OJ 

> — ' 

H 

PO 

12  C — 

POVO  -4  CO 

CO  co  o 

H  vo  LfN  H  POVO-4VO 

o 

EH 

o  o- 

H  H  O 

0-0  0- 

OJ  ON  PO  O  it—  ON  IN- 

H 

H 

<£ 

H  • 

•  99 

•  •  • 

9  9  9  9  9  9  9 

• 

H 

i_3 

PO 

H  POCO 

LfN  CO  [— 

LfN  OJ  OJ  PO  O  PO  O 

o 

H 

M 

OJ 

OJ 

PO  OJ 

H  H  LfN 

H 

> 

H 

EH 

cn 

ft 

H 

ft 

ft 

H  CO 

« 

IN- 

On  O  vo 

ON  vo  PO 

OJ  O  OJ  -4  CO  O 

< 

ft 

CO 

H  OJ  4 

ON -4  LfN 

t —  N—  O  O  VO  VO 

EH 

ft 

OJ 

s  IN- 

OJ  CO  -4  ON 

LfN  ONVO 

K  O  H  ONONLAIN-Lf\ 

-4 

>H 

ON  LfN 

LfN  H  OJ 

ON  OJ  VO 

H  VO  -4  OJ  C—,4  IN- 

H 

Eh 

• 

•  •  • 

•  •  • 

•  •  •  o  9  9  9 

• 

H  PO  ON 

VO  ON  IN- 

N— -4  OJ  PO  O  LfN  O 

o 

OJ 

OJ 

PO  OJ 

H  H  LfN 

rH 

H  & 

CO 


a 

o 

•H 

•p 


8 

-4 

-4 

• 

LfN 

OJ 


CQ 


54 
CD 
> 
•H 
CD 
O 
<D 
ft 

a>  ft 
f>  o 

H 

o  a>  to 
o3  o  co 
'  0  eg 


o  o  o 
PO  OJ  vo 
H-4  ON 
OJ  H  t— 

>  •  • 

H  PO  ON 
OJ 


CQ 


CQ 


cq 


ft 

ftl  W 
o  cq 

9 .  _  ^  -p  aj 
ft  ft  g  co  g 


U 

0  M 
ft  O ' 
ft  W3 
o 

-4 

M  W  K 

54  ft  ft  ft 

0  O  O  O 


w 

CO 


cq 

CQ 


CQ 

CQ 


ON  O  ON 

ltn  vo  On 
CO  ON  CO 

LfN  f —  C — 

•  99 

C"-  ON  IN- 
PO  OJ 


CQ 


o 

■H 
p 
0 
a?  a 


o 

•H 

P 

O 

ctf 


Jh  CO  U 

ft  ft  ft 

ft  ft  ft 

o  o  o 

CQ  CQ  CQ 
CQ  CQ  CQ 

^  4 


tN-  LfN 

PO  O  PO-4  LfN  CO 

OJ  O  OJ  POVO  LfN 

<rj 4D  On  f—  H  _4  po_4 

O  OJ  N—  N—  IN-  O  f— 

•  •••••• 

vo  PO  OJ  PO  o  CO  O 


H  H 


CQ 


LfN 


CQ 


w 

ft 

CO 

CQ 

0  O 

ft 

1 

H  O 

ft  vo 

+ 

V _ y 

s  * — N 

cd  co  -p 

a' 

CQ  S3 

a.  a 

CQ 


CQ 


O  O 

0  (&(& 

P 

0  ft  ft 
S  O  O 

o 

fj  CQ  to 
o  CQ  CO 

£11 


-4 

-4 

* 

O 

H 


CQ 

H 

a 


a 

o 

•H 

P 

O 

ct3 

fi 

ft 

O 

0 


H 

O 

> 


5h 

0 

W) 

i 

+ 

B, 

ft 

O 

P 

CO 


0 

> 

•M 

0 

O 

0 

ft 


ft 

CO 

ft 


L.  C'J  '  ■»  /  D 

Gy  O  O ' 
o  t  ' ;  ro 

C  ro  re 

H 

/C 

H 

<  ■  i 

1  1 

l  ■ .  r  ■  \  .  l--i  •' 

-  J  < 

•  -  c  c  .  ■' 

O  ru  rw 

m  hi 

1  1 

. 

r  i  i-i 

b  b  l. 

h-1  .  O  t. 

I/O  ro 
ro 

*  i 

Co  ' 

rr 

:  :  -  i  n  /  ■ 

h. 

T  ./O.I 

rC 

rv  o 

— 'j 

c 

r  ■ 

r 

— j  roi 

rv  •.  . 

!  ' 

0  /  'v  C 

L  — .! 

-  -  hi 

1  n  /> 

a 

•  * 

* 

•  « 

A 

• 

ru 

h  . 

H 

H 

H 

ro. 

rOJ 

1 

I-  ■ 

-  *■  l  c 
■  c  r,\ 

r  . 

/■  c 

A. 

0..- 

c  no 

:r:  ru 

— J 

—3  CO 

— 

-'j 

t/  /0j 

r  (  0 

A 

•  A 

• 

*  «  » 

« 

hi 

H 

i  ro 

H 

fV 

Hi 

ru  re 

)  i 

re  r ;  hn 

-  •:  ■  -j  ■  re 

<  ni  H 

/  ■  c 

r; 

~ — ■  ,  i  0—  CV  •• 

C  V.  r  J 

/  : 

ru 

IvO  • v  r 

r  u  h  ■ 

i-  —  j  (  -  r  i  f 

ro.:  ru  C 

—3 

Hi 

A 

AAA 

A  A 

A 

A 

.  “  l’  /  u  — 1 

ro.'  ro  ro: 

/  ■  r 

/'.J  hi  H 

i~  u:  -t- 

o 

p 

f. 

ro: 

Ct 

C  G  ru  r  C  ) 

C'— 4  roj 

c; 

r  ’ 

e; 

i  ■  t  r 

c-i 

ro 

H 

-l  r  -  ;  .  .  r.  i. 

c  ;-i 

h  . 

4 

AAA 

A  A 

A 

• 

h^ 

r  >  C  •  ;  L .  !/’  ro: 

— 1  C-r  : 

(  ro 

H 

H 

h. 

.  hi  hi 

V 

M 

M 

C- 

h~> 

c 

r 

:  -  j  — 'J 

r-o  c  -’ro 
<v  w  * 

0  rt  ru 

Or  O 

r 

r . 

■3 

rv 

—  .  .  •  h~  C  ' 

-  — j  :  c  H 

re  t 

ro  i. 

h. 

—  „ 

rv 

ni  r: 

>< 

• 

•  A  * 

A  A 

A 

A 

H 

ro:  c  ro  1/  -  — : 

-0  re  c;  > 

re  ro 

hi 

•  h> 

■* 

H  hi 

ru 

rj  -tur  •.  o  no 

ro  c  re 

C  C 

o 

ru 

r  0  <V  /  •  •' 

, 

a 

r  o  H  -  ,  c.1-' 

C  >rt)  C  )  • 

.■  1 

i  -i  hi 

hi 

— j 

-ei  -o'  rv 

-  1 

- .  -  -  : 

ro  r  j 

K 

/0J 

i-i  i—i 

t- 

L 

r' 

/* - 

• 

' _ ^ 

l_;i 

i  t 

^ 1 

\  ./ 

hi 

CO 

<P, 

4J 

'  ✓ - ' 

+ 

. .  tv- 

V  r 

s. .  ' 

C? 

a 

Ci 

- - V 

o 

c 

c 

bv 

u' 

Vv 

Q  ii  r 

- —  * 

hr 

i  * 

A 

o 

(J 

c  ! 

C  e  O 

o 

U\  C|  O 

O 

:  «  . 

e  .  i ' 

hi 

t 

)  • 

O 

A 

• 

i-0 

C.  | 

fa 

0  :  ■  '  :  ' 

1  ■  O 

V-P  H?  H1 

o 

o 

.•CO 

o 

G 

G 

o  o  o 

0 

■ ; 

H* 

hi- 

O 

h* 

e 

" 

W  n 

M 

CJ 

CM  0)  CJ 

CVJ 

o 

H 

O’  0.1  o 

CO 

u 

CJ  0)  CJ 

Lj 

O 

• 

£  . 

o 

► 

i-  .  r 

1 

l-i 

A-20 


po 

po 

4-PQ  On 

co 


CO  O  H 

vo  oj  cvi 

00-4-  4- 
4— -4  OJ  H  H 

•  i — |  •  •  • 

4-  H  po  oj 
cm  on 


4  H  ro 
VO  OJ-4 
UN  t— CO 
4  H  OJ 

•  •  • 

oooj  H 
4  OH 


po  unco  _4 

_  PO  LTN  4-  on 
O  r|  o  H  OH 
ON  O  ON  UN  CO 


CO 

VO 

CO 

4—  H 
rH  CO 


vo  -4 

I — I  I — I 


OJ  OJ  O  H 
-4 


CO 

4- 

PO 

(— I 


vo 


PO 

PO 

PQ  co 
14  O 

ON 

OJ 


VO  O  ON 
-4  OJ  ON 
PO-4  LfN 
PO-4  H  VO 

rH  •  •  • 

rH  PO  PO 
PO 


OJ  ON  PO 

vo  ON  VO 

LfN  LfN  ON 
VO  VO  On 

•  •  • 

LfN  PO  H 
-4  PO  rH 


VO  LfN  H 
UN  PO  OJ 
PQ  VO  OJ  -4 
OJ  OJ  o 


H 


ON  OJ 
4  OJ  LfN 
OJ  VO  LfN 

PO  o  o  o 

LfN  CO  O  CO 


CVJ  OJ  OJ  o  jt  o 


ON 

co 

-4* 

rH 


ON 
„  -4 
LfN  pq  vo 
vo  O 

ON 

OJ 


a 


LfN  O  -4 
PO  OJ  o 
44  UN 
H  H  oo 


rH 


PO  PO 
PO 


21 


-4  CO 

,  o  o 

rH  LfN  vo 
ON  PO  LfN 


CO  PO  LfN 
4  OH 


CO  ON  ON  VO  ON 
VO  PO  CVJ  CO  On  ON 

PO  PO  O  CO  CO  OJ  CO 
IN—  LfN  OJ  4-  14- VO  4- 


LTN  PO  OJ  OJ 

rH  H 


-4 


O 


OJ 

14- 

• 

ON 

H 


0 

§ 

•H 

•P 

d 

o 

o 


H 

H 

M 

> 


PQ 

LTN 


— 

ON 

o 

VO 

POVO  4- 

CO 

4- 

OJ 

CO 

LfNCO  vo 

ft! 

O 

-4 

c 

4-  4-  ON 

H 

rH 

VO 

rH 

CO 

LfN  CO  VO 

• 

rH 

• 

• 

• 

•  •  • 

ON 

H 

on 

PO 

UN  PO  H 

OJ 

PO 

4"  PO  rH 

4-  CO  O  LfN 

LfN  VO  OJ  -4 

PO  PQ  ON  O  4- -4  H 
-4  LfN  rH  -4  rH  OJ 


4— 

OJ 


rH  PO  OJ 
PO 


PO  LfN  CO 
On  .4  -4 
PO  H  OJ 
VO  OJ  -4 

•  •  • 

ON  OJ  4- 
PO  PO 


O  LfN 
VO  OJ  -4  PO  ON  H 
CO  4-  H  VO  00  CO 
ft  VO  VO  O  OJ  4—4—4— 
OJ  O  OJ  CO  4-  H  4- 


4-  LfN  OJ  OJ 

i — i  rH 


o  o 

LfN 


-4  O 
4-  PO-4  VO  VO  ON 
VO  O  VO  O  4-  VO 
h)  4-  LfN  OJ  POVO  POVO 
OJ  ON  PO  o  4-00  4- 

9  *  0  0  9  9  9 

LfN  OJ  OJ  PO  o  OJ  o 
rH  rH  LfN 


PO 

O 

• 

LfN 

H 


CO 

VO 

ON 


EH 


OJ  vo  O  co  O  co  OJ 

4-  VO  OJ  LfN  4-  LfN  rH 

OJ  PQ  ON  ON  O  4  4  lTn.4  <H 
POPO  4  H  ON  -4  ON  LfN 

9  9  0  9  0  0  9 

4—  rH  PO  rH  ON  rH  4~ 

OJ  PO  PO  PO 


ft 


o  o 

O  4- 
CVJ  H 
rH  VO 

•  * 

4- -4. 

rH  rH 


O  4- 
0-4  4-  ON 
PO  O  O  ON 
O  ON  VO  H  LfN 
UN  OJ  4-  UN  4- 


OJ  PO  O 


-4  O 
LfN 


ON 


4- 

CO  O 

UN 

-4  LfN  ON 

PO 

PO  CVJ 

ON 

ON  On  ON 

PQ  -4  CO  -4  -4 

ft! 

ON  OJ  vo 

OJ  4- 

OJ  H 

H 

PO  rH  OJ 

• 

•  • 

0 

9  9  0 

4- 

H  PO  OJ 

ON  OJ  4- 

OJ 

PO 

PO  PO 

ON  VO 
CD  o  CO  -4  un  co 
LfN  O  LfN  PO  LfN  -4 
■4  ONONO  H  LfN  t —  LTN  PO 

O  OJ  CO  4—  4—  4-  4—  vo 

•  ••••••  • 

VOPOOJPOOUNO  ON 


rH  H 


LfN 


d 

0 

W 


0 


d 

o 

•H 

-P 


co 

a 


u 

0 

S 

0 

o 

0 

ft 


d 

0  CH 
>  O 
■rH 

o  0  co 
d  o  co 


co 


d 

s, 


d 

ft  0 
ft  tp 

5  S 

ft  ft  ft 

ft  ft  ft 

O  O  O 


ft 

ft 


ft  CO 

O  co 

8 


CO  CO 
CO  CO 

d  d  d 
S  ft  ft 


-P 

o 

d 

£ 


ft 

ft 


-P 

o 

d 

Jh 

ft 


ft  ft  ft 

O  o  o 

CO  CO  CO 

co  co  co 

III 


co 


co 


ft 

✓ - N 

ft 

02 

0  < 

ft 

rH 

0 

qO 

ft 

a 

+ 

3 ' — s 

o3  co 

— '  0 

d  ’ 

cq  d 

ft  a 

a 

o 

a  o 

So 

d  5) 

•<H 

ul)  *H 

+ 

O  0 

0 

~P 

0  ft  ft 
2  0  0 
O 

d  co  co 

o  co  co 

£11 


CO 

i 


d 

o 

•H 

•p 

d 

£ 

ft 

o 

0 


rH 

o 

> 


+ 

d 

8, 

ft 

o 

-p 

ft 

+ 

d 

0 

> 

•H 

0 

O 

0 

ft 


ft 

ft 

ft 

* 


i  • 

1-1 

i  •  : 

,  >  . 

h, 

— <  - 

All 

-■J 

/: 

— 1 

■  . 

/C 

Fn 

r  i 

_  _  . 

• 

♦ 

9 

• 

* 

•  “  ■  h  . 

Hi 

.o  :  . 

i  ■ 

1  * 

hi 

. , 

i  <> 

/  to 


— j  ;• .  /  l  <  ■ 


;  •  A  ! 


a 

a  o  « 

a 

;  o 

1  , 

hi 

n  -j 

C> 

/C>  /  r 

c  : -i 

/•  . 

/ 

--It  /' 

—  J 

/  /  r  r 

/c 

-3  C 

/V 

/  •  hi  c 

i  . 

J  -i 

H  .  i  . 

A  C  Q'  v) 

/O  L-  -ti.  (VI 

\  '  Cj(  I 

:  m  o  -o 

•  h  • 


<P 

t  '  f  au 

•  ! 

h.  ro 


/  j 


/V 

l- 


9 


: 

V  L  '  .  \  i- -j  c 
- -j  !■  •  -  j  c 

- 

h  Ht 


CVAO 

-1 

0'  C  /I' 

a  , 

-  -  c 

C  i  ■  ,  ' 

•  a  a 

•  •  • 

a 

H  ro  a.j 

ro  .  H 

c; 


o 


c  : 

Co/u  r  • 

AV  O 

0.' 

-1  <  <  c  c / 

/"• 

go 

c  'ro 

C-’  i  • .  :  a  —  j  c. ; 

:  H  '  - 

c 

-3  C.' 

.  hi 

a 

a  •  a 

a  a 

a 

/O 

c  r  .  i  / 

-1  -  . 

t  <  . 

1. 

au 

F  •  H 

a 


-  -j 
/ 


AU 


,-fc-O 

1  CO  o 

Co  c 

h .  / 

A.; 

—  j 

a  C: 

( 

H  •  .  nj 

C.  / 

:  /  ; 

H 

a.;  a:  •£-. 

A 

;■  . 

ro  ro 

a  »  a 

a 

a 

a 

• 

—  J  hi  / . ' 

hi 

H 

__  • 

h> 

Ail 

.  :  i0.i 

ry 

CJ> 

"  j 

rr 

r\~. 

.  ■  ro  ro 

/  l 

-  i  - : 

1- 

1 

j 

a 

a  a 

♦  a 

a  a 

a 

•a  a  a 

a 

a 

a 

a 

/'O 

O  All 

-  .  v.  ro 

Hi 

; 

1  • 

03 

A’  . 

/  N 

^ ' 

hi 

* 

r-i 


*"■  N 

> 

c 


+ 


<■  > 
•  r: 


CO 


►■I 

►v 

to  , 

CJ 

v  _ 

i-3 

*  - . 

o 

t: 

o 

i  • 

H’ 

It 

i  i  . 

c  :• 

A  1 

H? 

■ 

a 

o 

c  ,  C 

'■v  ...  q 

fjl 

r  r  C+  t. 

i.  •  i-. 

cr  1 

h? 

C  | 

,  0 

h  1  •  - . 

O 

• 

^ .  b  O 

H*1 

w> 

I 

*1 

i  ?  o 

o 

V> 

C 

a 

r 

o 

O 

O 

o 

o 

O 

o 

o  ■’ 

:  • 

H* 

• 

CJ 

CJ 

00 

CO 

0i  (.? 

o 

t1. 

0 

cj  j- 

a 

b 

h  i 

<■  :■ 

to  o 

t 

h: 


: 

i- 


< 


. 

N 


v;rv  '  -i; 


A-21 


4- 


4~ 

LTN 


4-  H 

F-  on  oj 


LTN 

co 


co  o  on  co  on  on  o  on  4-co  ^1  on 

do  CM  ltn  On  ltn  on  j-  roo  4-  co  4- 

UN4  H  4  rlfo  O  H  O  r|  lArlVQ  r|  CO 
OJHCO  VO  CO  co  On  O  On  ltncO  4  CO  4 

•  •  •  •  •  •  •  O  •  •  •  •  9  • 

H  on  ON  H  ONrl  VQ4  W  CIO  H  O  4 

CO  4  CVI  H  i  I  i  I  -4  H 


CM  vo  O  CO 

4-  CO  CM  4- 

VO  5  ONO  044 
VO  CV1  OJ  H  H  1A 


UN 

CO 


rl  rOON 
CM 


ON  CO  H 
ON  4—  CM 
VO  -4  CM 
CM  U"N  4- 

9  •  • 

H  On  H 

4  CM  H 


-4 
O 
PQ  VO 
CM 

® 

3 


4 

ltn  On  4—  CM 
POVO  CM  4 


CM 

CM 

9 

CM 

rH 


-4 

PO 


(0(404  O 
O  LTNCO  -4  co 


CM  CM 


O  -4 
-4 


ON 

LTN 

O 

H 


vo  o  o  vo 
on  cm  cm  4- 

LTN  [2  LTN  ON -4  -4*  0O 
LTNCO  H  -4  H  -4 


-4 

CM 


on  on 
CM 


LTN  VO  ON 
-4  t — VO 
CM  on  co 
CM  -4  4- 

®  ♦  • 

H  ON  i— | 
4  CM  H 


33 


t 

4-  ON  00  VO  LTN 

iTN  on  H  oo  on  _ 

on  ro  o  co  co  H  oo 

c- —  ltn  oj  t —  tr —  c- —  c — 


LTN  CM  CM 

r— I  i H 


o  4-0 
-4 


-4 

On 

H 


<D 

§ 

•H 

ft 

S3 

O 

o 


M 

H 

H 

> 


O 

4 

O  00 
ON  H 

VO 

CM 


on 


CM  O  CM 
CO  CM  -4 


on  H 


4-  CM 
14-  4 

&  o  4-0 

on  14-  H  CM 

9  • 

LfN  H 
CM 


on  H 
on 


8 

3 


ON 

on 

LTN 

O 


on  o 
on 


O  CM  CO 

ltn  4"  O 
4-4  0 
4-4-0 

•  •  O 

on  H  cm 
4-  on  H 


4-  ON  LTN 
4-  on  o 
ON  LTN4 
4-0  4 


14-  O 

on  on 


4- 


LTN  O 
On  CM  t—  onvo  On 
14-  4-  O  vo  CO  4- 
OVOVO  O  CM  4-CM  4- 
CM  O  CM  CO  4-  CM  4- 

O  •  •  •  O  9  9 

(4-  LTN  CM  CM  O  O  O 
rH  H  LTN 


on  ON 
00  on  LTN  VO  VO  CO 
CO  O  co  O  H  O 
co  ltn  on  on  4- co  4- 
cm  on  on  o  4- co  4- 


S3 


cm  on  o 


H 

LTN 


on 

4 

o 

LfN 
1 H 


LTN 

VO 

ON 


CM 


LTN 

rH 

CM  vo 
on  H 

9 

vo 

CM 


LTN  O  O 
CM  CM  ~ 
CM  4 
rH  rH  LTN 


rH 


on  O 
on 


H  O  H 
4  vo  CO 
H  CO  CM 
LTN  LTN  ON 

•  •  o 

14-  O  VO 
on  m 


03 


O  4- 

O  CM  4  H  on 

4-4  0  4  on 

on  H  H  ONVO  ONVO 
H  VO  LTN  CM  D-VO  4- 


3 


S3 


cm  on  o 


on  o 

LTN 


co 

O 

9 

ON 


H  4-  O  CO 

ON  14-  CM  CO 

1 — I  5  H  LTNCO  4  4 
H  4—  1— 1  4  rH  on 


LfN 

CM 


on  o 
on 


vo  on 

HOD  m  4  O  4  4  LTN  co 

4  co  ltn  On  O  on  onvo  ltn 

ro4  co  <3  On  On  o  rH  ltn  on  ltn  H 
LfN  m  H  O  CM  co  4-  4—  LTN  4-  LTN 

•  •  •  •  •  •  9  •  •  •  • 

4-04-  vo  on  cm  on  o  lt\  o  on 

on  on  rH  rH  LTN 


S3 

0 

bO 

i 

a 


co 


S3 

CD 

•H 

O 

o 

Q) 

03 

S3  u  , 
O  (U  (H 
•H  t>  O 
ft  *H 

o  D  to 

Ctf  O  CO 

in  a)  «g 

ft  03  S 


CO  - 
§> 


co 


I 

ft 

o 

£ 


S3  ft 

o 


co 

53  & 
(U  — 

bO 

S3  33 
<3  co 
33  03 


& 


ft  CO 
o  CO 
ft  oj 
CO  2 


ft 

o 

CO 

co 

S 


ft 

o 

CO 

co 

cc3 


CO 

I) 


33 

co 

03 


13 

O 

•H 

p> 

o 


CO 


co 


S3 

O 

•H 

ft 

O 


a3  33  ctf 

£££ 

ft  ft  ft 

OOO 

co  co  co 
co  co  co 

£  Jj 

a 


CO 

1 


S3 

O 

•H 

ft 

O 

I 

ft 

o 

< V 


rH 

O 

> 


& 

ft 

o 

£ 


53 

0) 

> 

•H 

<L> 

O 

0 

03 


33 

CO 

03 


;  . 

— j 

A  / 

- 

*  V 

:  i  . 

i  :  . 

H 

* . 

'  /  '  i  .  1 

i  "  1 

• 

•»  It 

• 

» 

• 

• 

• 

)“) 

!  "i 

/  . - 

:• . 

.  .  1 

— "J 

/■  / 

C  O  (X> 

-  ■  v. 

■ 

A> 

'  (  /:  0 

/?U 

..  ■  /  i 

-  „  Aij  V  > 

/  ■  i-i  i  . 

« 

»  »  » 

*  *■  «  « 

»  i  <  0  Hi 

/  .  •  !  .  /.• 

i  • 

;  i 

r>  —  j 

/  •I  C  ,  -j 

(  '  C  v;j 

-  v  *  ■>  / ' 

c  - : 

- :  > 

A.  AH 

/  -  J 

h . 

;  . 

C- /  ' 

« 

•  *  * 

•  0 

# 

• 

IA  i  •  (•  !  f\ I 

y . .  i  - . 

a.>  r  •. 

H 

1  > 

i .  :-i 

AM 

■  -  — ’J  -  •! 

C  lO  c 

■.  / 

-  j 

H  .  h  •  ,  •  • 

• 

e  •  * 

•  •  ♦  » 

AU 

-  . 

,  r*. 

;  -  ^  h  c' 

:  . 

/V 

;  >  ;  . 

/  i  A  is. 

/:  f 

> . 

-1 

/ IJ 

- .  - 

.  0  - 

C.  -  c-* 

A  , 

A.  ■  V 

~  -  J  * 

.  .  / 1  • 

ri 

H  — .  PM 

« 

*  •  • 

«  • 

A 

e 

*  O 

/  u 

-1  -1 

H 

AJ 

/\1 

J 

7 

l  C  LO 

i  f  hi 

AU 

:  . 

(.  A ; 

/  ■  III. 

'  i.  ■  :  l  ■ 

D 

O** 

•  *  • 

c 

l  1  -*i 

<  t  — 1 

O  ;  •  ■  H 

a- 

/'ll 

K  r  , 

/  U  .  .  1  . 

.  '  r  , 

C  O-J  r, 

rv 

l 

a 

r  t. 

i- . 

/  .  (  ' 

/  r  i  .. 

/  -* 

»  .  * 

v  C  •  A. '  h>  ’  '  i  •< 

H? 

/  i  * 

-  : 

r 

.  :  ■  .  -j  i 

• 

to* 

•  •  •  0 

ro 

< 

C  Ail 

AU 

i  • 

i 

A 

A" 

* 

( 

A**’ 

V  A 

V.  ■' 

r  . 

\ 

O 

h  -i 

A - » 

A’» 

c;. 

o 

C 

A 

Jp 

A  ’  > 

+ 

:n 

N.  .  >“  x-  • 

> - A 

4 

N - A 

V _ a 

CJ.  ft: 

A  \ 

A  ^ 

i ' 

H* 

A  (5 

ra 

s- 

■A 

C. 

f  ; 

/ — 

o  . 

c 

A 

(.5 

!*n»  (5 

H* 

:  1 

»-  ■ 

£. 

v — b- 

<  <  • 

r  j..  >v..  * 

V.  A 

r 

1  V 

r 

• 

» 

O 

c : 

O 

o 

«*:  c 

<+  f' 

*  ^ 

,  . 

f  *, 

c.i.  r 

I* 

>•£.  C 

C  ;M 

n 

h,* . 

c 

O 

« 

CJ- 

: . 

«a: 

(0 

^  P  r 

:  ■’  1- 

(0 

C  J„ 

« 

*  o  c 

.>4 

O  G 

O 

G 

G 

o 

o  o 

i  .* 

\  .* 
'r 

•  f :  C 

u 

n  D 

OJ 

r. 

c 

c 

o 

!  ! 

CJ 

CO 

C  CO 

o 

* 

»-h  i 

n 

hJ 

ENGLER  TYPE  DISTILLATION  ON  RESIDUE  A 


A-22 


t-  ft 

co 


oo 

H  O  ft 

-4-  -4-  O 

OA  OA  O 

CM  LTA 

CO  OA 

to-  to-  OA  rH 

co 

-4-  CM  OA 

LTA  CO 

rH  CM  A —  A— 

Oa  a— 

CM -4-  LfA 

CM  LTA  tO- 

ft  oa  cm 

0—  CO  r|  OA  rH 

-Jr 

to- 

n  r)  O 

ft-  O  CO 

CM  CM 

O  LTA  CO  ft"  CO 

rH 

• 

•  •  • 

9  0  0 

9  • 

09999 

9 

O- 

H  OO  CM 

3  S  9 

ft-  CM 

CM  CM  O  H  O 

ir\ 

CM 

CO 

H  H 

ft- 

rH 

VO  CO 

oo 

to-  O  O 

O  O  O 

VO  OA  (A-MD  CM  LTA 

CO 

LTA  CM  H 

OA  H  CO 

O  CO  VO  CD  OA  CO 

VO  PQ  CO  VO 

LTA  ft-  CO 

COCO  LTA 

ft  OA  CO  LTA  CO  o  LAO 

A— 

to-  O 

ft  HMD 

A — VO  o 

IA-  LTA  CM  tA-00  COCO 

Oa 

9 

9  9  9 

9  9  9 

9  9  9  9  9  9  9 

9 

OA 

H  co  co 

H  COCO 

LA  OO  CM  CM  O  CO  O 

OA 

CM 

oo 

ft  CO 

H  H  ft 

CO  H 

OA 

O  O  OA 

OA  OA  O 

CM  CM  O  CO  CM  LTA 

.  ft 

VO  CJ  CM 

H  CM  OA 

VO  A-OAMD  OA  CO 

UA  ft  VQ  LTA  O  ft  HI 

O  H  CD 

ft  CM  MD  LTA  CM  OA  CO  OA 

LTA 

VO  O 

COH  LA 

OA  LTA  CO 

CO  O  CM  00  tA —  lta  tr — 

CM 

9 

9  9  9 

9  9  9 

9  9  9  9  9  9  9 

9 

OA 

H  OO  OO 

O  co  tA- 

JA-  LTA  CM  CM  O  UA  O 

OA 

CM 

oo 

ft  CO 

H  H  ft 

t*— 

VO 

o 

CO 

UA  OO  CM 

00 

vO 

CM 

tA- 

OJ 

tA-UA 

Ojft 

ft  ft 

i — 1 

rH 

H  OA 

MD 

H 

OA 

A-  OA  A- 

9 

9 

9 

9 

9 

0  9 

OA 

rH 

OO  CO 

rH 

CO  A— 

CM 

oo 

ft 

PO 

-4-  co 

OO  PO  UAMD  -4-  VO 
IAO  LAO  O  C\ 

H  ft  ua  Oa  co  oa  H  co 
OO  OA  oo  O  A—  ua  A- 

9  9  9  9  9  9  9 

LAOJ  CVI  OOO  t>0 

H  H  ft 


CO 

9 

OA 


tA- 

CM  O 

OA 

OA  OA  O 

UA 

ft  CM 

H 

CO  H  CM 

OA 

POMD  ft 

O 

A—  O  A — 

UA 

H  H 

OA 

MD  OA  A— 

9 

9  9 

9 

9  9  0 

A— 

H  CO  H 

OA  H  A- 

CM 

CO 

OD  CO 

w 


VO  H 
OA  O  OA  ft  A-  O 
ua  C'-CO  O  no  oo 
OA  H  A-  OA  CO  -3-  co 
rt  VO  UA  CM  (A-  O  A— 


A— ft 
H  r-J 


CM 


OO  o  OA  O 
ft 


oo 

OA 

OA 


CM 


CM  OA  O 

to-  (—1  CO 

ft  oa  cm  co  ft 

OO  OO  UA  H 


A— 

CM 


H 

H 

SI 


OO  CM 
OO 


O  H  OA 
CA  H  to- 
to- CM  LTA 
to-  rH  VO 

•  •  • 

OA  CM  tO- 
OO  OO 


O 


10-  CO 

to-  ooft  <X)  ft  a- 
00  OO  LTA  A-ft  co 
UA  O  LTA  LTA  0-  H  A— 
10-  O  to-  UA  to-  CM  to- 


vo  ft 

rH  rH 


oj  on  o 


« — I 

LT\ 


& 

OA 


A— 

CO 


o  o  a- 

CO  CM  co 


<—t  ft  ft  H  i  I  ft  OA 
CM  to-  CM  H  O 


A— 

CM 


OO  CM 
OO 


-4  IA-  to¬ 
co  CO  OA 
H  OA  i  I 
VO  O  LA 
•  •  • 
OA  CM  tO- 
OO  CO 


H  to- 

CM  O  CM -4-  O  CM 

CO  O  CO  CO  to-  MO 

<t  CO  OAft  H  v£>  oO  MO  H 

H  CM  CO  0-  to-  OA  to-  CO 

9  9  9  0  9  9  9  o 

MO  OO  CJ  oo  o  CM  O  OA 


rH  r-J 


LTA 


d 

0 

hi) 

d 

M 


0 


d 
0 
> 
•H 
0 
O 
0 
ft 
d  f 
0  <H 

>  o 

H 

000 
d  o  0 


d 

o 

•H 


& 


& 


0  ^ 
s  0 
a  a 


0  d 
ft  0 
ft  tit) 


O 

35 


0 


ft 

CD 

ft 


H  ft  ft  ft 
O  O  O 


ft  0  0  0 

O  0  0  0 

g  g  $  i 

ft  f- — I  — < 


CO 


ft 

CD 

ft 


0 


d  0  d 

s  as 

-p -p 
o  0 
d  ft  d 

ft  ft  ft 

o  o  o 

0  0  0 
0  0  0 
.Oj  d 
ft  ft 


0 


0 


+ 


0  0 

■p  .  - 
0  ft  ft 

a  o  o 
o 

d  0  0 
0  00  0 

£1 1 


0 

rH 

a 


d 

o 

•H 

ft 

0 

d 

£ 

ft 

O 

0 


ft 

O 

> 


ft 

O 

35 


d 

0 

> 

•H 

0 

0 

0 

OP 


ft 

CD 

ft 

* 


J  •>  /  J 

LO 

-*  . 

hi  ro 

/  ’ 

C  ,  ,  ■  r\ 

/  <: 

IC 

■  -  >  h  i 

-  (  ) 

-  i  /  l  - 

/V 

1',  -  •  -  ' 

-j 

r-» 

» 

C  J 

• 

•  •  « 

• 

* 

•  • 

10 

ro 

I-  .  -  ; 

}  -i 

hi 

. 

ro 

/ 

/ 

/ . 

£  c 

i  y 

;  1- .  /O 

l-> 

O  rii 

■.  -a  •  r 

/  1  i  'O) 

* 

■  C  >  1  ( 

• 

— ’ 

r ' 

i  . 

-t , 

• 

»  «  • 

a 

* 

a 

« 

/ 

1  '>(){■ 

H 

f  . . 

h, 

b 

L 

Q  /  / 

i  -  1 

C 

, 

/  . 

~  „ 

/■  ' 

<  1 

.  '  .  l\ 1 

“  J  / 

f  •  f  c  r. ! 

/  -  . 

i 

* 

«  «  * 

* 

« 

* 

a 

•  ■■ 

c  •  ■ 

H* 

f 

:  r  .  /o. 

/  '.J 

/  >  — ■ i  i 

O' 

Cvhi  ■  ■  , 

/ 

•«» 

;  ;  .  K* 

1*  * 

•fc- 

-J/V-;  ' 

/  V 

rn 

i  i 

ho.' 

♦ 

■  «  * 

*  * 

a 

« 

r 

-  J  ■  •  h  . 

h» 

hi 

;  i 

J  1  -  / 

/ 

“  / 

1 

1  I 

o 

1  1  1  / 

/  r  *  h .  ^ . 

—  J 

.  r  * 

a; 

* 

• 

•a 

• 

*  *  • 

.  r> 

pi  — 

— 'J 

< 

f  i  ,'0  h  —  J 

I  i 

h .  c  / : 

-  ' 

i 

i  hi  — 

-  . 

i  -  /  / . 

/  o 

/ 

: 

h.  I  •  :  .  I  .  •  1 

• 

o 

*  «  t  1 

»  \> 

« 

* 

• 

*  »  «  « 

H  .  /  l 

/  o 

l'  •  H  —j 

K*I 

b  i 

-  w  « 

I 

1 

.  . 

/  v 

)  1 

r 

C 

i  • 

; 

— 'j 

!  i 

« 

•  •• 

a  a  *  a 

* 

• 

* 

• 

♦ 

• 

• 

a 

/  1 

!  . 

— 

f  •» 

/  .  ‘ 

f  • 

.  ■ )  ro 

/■  'S 

N 

V . 

(  1 

l  > 

S’ 

S’ 

s'* 

•s. 

1  . 

00 

& 

►  * 

V.-'  ^  « 

N. 

■ 

S_> 

t),  a 

^  s 

"v  .  ' 

h‘ 

*>v_. 

!-1 

f 

1*  ^  * 

C  r  x  -' 

1  . 

:  v 

C  5 

- 

» 

/  i 

O 

n^.  -* 

C 

• 

c\ 

f :  ..  '• 

0 

b 

: . 

6'  r'i 

i.  i-‘. 

4 

o- 

c 

• 

Cl. 

L  ■  V) 

o 

(■ 

p 

0-  i-1 

♦  C.  t. 

O 

O 

o 

o 

c 

• 

•  • 

)  ,•  Ci 

, 

!-• 

• 

£•:  » 

N 

ro 

i  . 

f 

,  .  h 

i  i  O 

ro 

6 

c 

* 

'  i  4 

r 

•*  h  i  1 

,  :  ! 

1  • 

1 

A-23 


t— 

IAN 

E—  CO  OJ 

OJ  o  ON 
CO  CVJ  lA 
ON -4  H 

OJ  HCO 

VO  On  C— 
LAN  IAN  ON 
VOH4 

Ox  CO  H 

LTN  VO 
4  UN  On  In-  CO  Q 

t—  co  m  oj  oo  co 

CQONOJhoOHOr) 

OJ  CVJ  o  l/N co  onco 

rH 

-4- 

IAN 

OJ 

I — 1 

on  On 
OJ 

CO  ON  On 
-4  CVJ  i — | 

-4  CVJ  cvj  OJ  o  r-H  O 

H  H  -4 

on 

OJ 

vo 


CVJ 

VO  O  CO 
CO  OJ  C— 

OJ  00  -4 

tv — 

O  tV-OJ 

ts  On  O 
vo  OJ  CVJ 

0-4-4 

on^t  co 

i — 1  i — 1  LAN 

on  LfN  c— 

LAN 

h  on  on 

LA  ON  UN 

CVJ 

cvj 

4  CVJ  H 

O  -4 
O  ON  H  VO  tN-  On 
O  on  VO  CO  -4  CO 
W  IAN  0O  ,4  00  CTnIAOV 
C—  LAN  OJ  [N-  t—  LAN  t— • 

lan  on  oj  cm  o  vd  o 

H  H  LTV 


ON 
I — I 


o 


IAN 


vo 

O  O  vo 

on  vo  in- 

on 

CVJ  OJ  t— 

vo  IN-CO 

LTN  On  -4  -4  on 

on  on  on 

co 

i — 1  -4  i — 1  -4 

LAN  _4  O 

-4 

rH  on  ON 

-4*  ON  LfN 

OJ 

CVJ 

-4  OJ  i — | 

VO  OJ 
-4  OJ  OJ  COJ-  t— 

O  IN-  on  VO  OJ  H 

O  ian  VO  CO  OJ  I— 00  t—  VO 

OJ  o  H  CO  C— VO  t—  LTV 

C—  lA  CM  OJ  o  ri  6  ON 

i — !  i — I  LTV  i — | 


a 


H 

O  co 

Q 

o 

CVJ  o  CVJ 

CO  CVJ  vo 

LAN  on  OJ  VO  IN-  ON 

-4 

CO  CVJ  .4 

CVJ  4-  CO 

t—  o  t—  o  -4  on 

/ - - 

K 

-4  ^  O  CO 

ON -4  -4 

on  .4  co 

t-o  oniAxco  on  ltn  on  ian 

-4 

id 

o 

-4  CT\  i — 1 

cn  H  -4 

VQ4  rl 

OJ  ON  CVJ  o  IN-  ON  IN- 

rH 

CD 

• 

•  •  • 

•  •  • 

• 

CVJ 

vo 

i — 1  CO  i — | 

vo  H  lA 

LTN  cvj  CVJ  on  O  LAX  O 

o 

P 

o 

CVJ 

on 

-4  on  rH 

H  H  LAN 

CVJ 

•H 

o 

■g 

gS 

o 

£ 

o 

-4  on 

_ _ ' 

£5 

IN- 

LAN  o  OJ 

vo  CVJ  -4 

IAN  O  ian_4  ian  CO 

o 

tv— 

cvj  oj  oj 

CO  cvj  VO 

O  t—  on  o  vo  ltn 

H 

on  s  o  vo 

0J  -4 

VO  IN-  ON 

frj  4  H  OJ  ON  on  H  on 

IAN 

H 

a 

on  t—  rH 

i — 1  i — 1  On 

on  on  on 

O  VO  -4  OJ  D-VO  IN- 

o 

H 

o 

« 

•  •  % 

•  •  « 

• 

> 

M 

LTN 

h  onoN 

tv—  On  C— ■ 

in- -4  cvj  on  o  o  o’ 

o 

id 

CVJ 

CVJ 

on  CVJ 

H  rH  vo 

rH 

CVJ 


LTV 

cd 


OJ  o  t- 
4  OJ  t- 
C—  O  -4  VO 
on  H  OJ  H  VO 


VO 

OJ 


I — I 


on  o 
on 


00  IN- 

o  t- 
H  VO  -4 
00  VO  H 


a 


r—  o  e'¬ 
en  on 


OJ 
t— 

.8? 
LTV  CAN  t“-  OJ  C — 


OJ 

O  on  t— co  _4 
oj  on  co  t—  o 
o  o  O  on  lov  on  cvj 


vo  -4  oj  on  o  oj  o 

H  H  VO 


On 

t— 

ON 


co 

on 

IN-  O  co 

on  CO  LAN 

i — 1  O  i — 1  -4  CO 

CVJ 

ON 

e—  cvj  co 

r—  co  co 

cvj  o  cvj  on  h 

H 

rH  rH 

IAN  CO  -4  -4 

VO-4  H 

<C  cvj  on  on  h  co 

H  CO 

H  hrl4  H  cn 

O  on  tN- 

CO  CVJ  UA  IN-VO 

o  vo 

IAN 

H  cn  o 

iv-  o  vd 

ltn  on  cvj  on  o  vo  O 

OJ 

on 

on  on 

rH  rH 

IN- 

CO 

CO 

g, 

co  jE^ 

§)  — - 

/-X 

CO 


u 

CD 
> 
•H 
CD 
o 
CD 

0)  <H 

>  o 

-P  *H 
O  QJ  w 
05  o  co 
U  (U  cd 
pci  S 


co 


CO 


CO 


u 

(D  P 
Pu  0) 
bO 
o  id 
-p  cd 


CO 


+ 

a 

o 

•H 

-p 


CO 


P 

o 

•H 

-p 

o 


p 

o 


u 

cd 


pi 
p.  CO 
Q  CO 

-p  cd 
CQ  2 


o  o 


CO 

co 

cd 

2 


gj 

cd 

p 

cd 

u 

p 

o 

2 

o 

2 

Jj 

pp 

F*h 

pp 

Fh 

CD 

I  X 

PU 

Hh 

<+H 

Lh 

<P 

«h 

<u 

<H 

Ch 

o 

O 

o 

o 

1 

Q 

O 

O 

o 

CO 

CO 

CO 

CO 

p 

co 

CO 

CO 

CO 

CO 

CO 

CO 

u 

co 

CO 

CO 

cd 

cd 

cd 

cd 

2 

cd 

cd 

cd 

2 

2 

2 

2 

pH 

2 

2 

2 

On 


CO 


p 

o 

•H 

-p 

o 

cd 

p 

o 

CD 


rH 

o 


P 

CD 

no 

§ 

w 

+ 

p 

(L) 

PU 

Pi 

5 

CO 

+ 

p 

cd 

> 

•H 

CD 

o 

CD 

pp 


K 

* 


-i  .ro  /  v  t~ 

•jDtOfO. 


jrn  c.or. 


■  :  ■  O' 

.  /!.!  /"  i  t 

■  >  C  ■’ 

•  I  » 

i  10  -t. 


-1 


ri.l 


O  O'  O  U )  iO  CO  ru 


Q  CO 

ir;  'oo' 


to 


t-  .ro  to  to  -fc, 

-  •/.  .  eon  a 


•  «  •  •  •  •  • 


— l  or  to  ro  nj 


1  .•  j  ro  to  io  ■ 

i  k 


or  IO  o"> 

•  i  ro 


:.V  V  (V)  -  I  O 

/tj  ro  h  ro  /v-  1.  j  h  fc.  erj 


-  .  IO  '0/  O  *v> 


/O 


.  o  •  1  to  r-  O' 

O' 


r  or  CO 


«  •  <  • 

Oro  h  Or 


:  ,  0--  L->  o-)  /-■  to  > 
:>r  o  0-1  ov  1/)  0 ' 

b  or  *  >  ro  bo- 


oj  i  >ro 


■a 


-  ' 


CV  /  : ■  s  «.  . 

-  O 

•  o  o  o  o 

.  w  to  co  ;o 

•  ■  j  <fl  L  . 


:  v  a 


•V 


f  I  »-  -»  ►  » 


■S 


K  • 


•  * 

«+ 


,j  i.o  o  .q  w  n  o 

:j  Co  "J  O  cj  U  l’u 

•  o  -  O-  i;  o  q 


HEMPEL  TYPE  DISTILLATION  ON  RESIDUE  Ha 


A- 2k 


co 


CO 

m3 

H  CD 

rH  • 
00 
CM 


-d*  O  d- 
d-  CM  ON 
CO  CM  _d  d- 
CM  .d"  H  CO 


rH 


co  co 
co 


d- d-  o 

CO  OW 
-d  d-VO 
VO  CO  CM 

IT\  CO  CM 
H-  COH 


ir\ 

-d-  CO  uo  CO  CM 
uo  d-  td-.d-  CO 
Ph  r-j  H  ov  O  CM  CO 
CM  COCO  COCO 


VO 
-4" 
CM 
CM 
COCO 


VO  -H"  H  CM  O  O  O 
rH  rH  -d" 


i — I 

CO 

-d- 

rH 


co  co  O  H 

CO  VO  CM  CM 

C~ —  PQ  CO-d  CO,d  d- 
CO  C—  i — !  CM  i — |  i — ! 


co  h  co 

VO  CM  _d 
vo  d-  CO 
CO  i — I  t" — 


CM  CO 
CM  CO  COCO  -d  VO 
OJ  CO  CO  c—  O  CO 
O  CM  o  H  IAW  O-H 
CO  O  CO  LOCO  COCO 


St 


VO 


lo¬ 


c 

1 - 1 

CO  CM 

d-  CM  uo 

vo  -d- 

2 

3 

0 

0 

O 

CO 

CM 

CO 

-d"  CO  rH 

rH 

i — I 

-d- 

rH 

o 

-d* 

CO 

vo 

O  CO 

H  CO  CM 

vo 

LfO 

H  d-CO 

1 — ! 

CO 

-d 

CM  CO 

LT\  CO  Lr\ 

vo 

CO 

co  OJ  o 

O 

co 

CO  COd*  LTV 

d-  ltn  h 

pq  cj 

CM 

O  CO  CO  rH 

CO 

-d- 

O 

rH 

i — 1  vo 

rH  VO  uo 

CM 

CM 

O  uo  d--d- 

d- 

vo 

CO 

rH 

CO  CO 

co  co  UO 

-4- 

OJ 

CM  CM  O  td-O 

CO 

CM 

CO 

d  COH 

rH 

rH 

-d- 

1 — ] 

co  LTV04 
-d  CO  CM  o 
uo  pq  VO  CM  _d  -d  uo 
VO  O  i — !  i — !  < — i  CO 


CO 

CM 


CO  CO 
CO 


10-  CM 

CM  -d"  CO  O-  COCO  VO  H  d 

O  O  CO  VO  CO  CM  CO  OV  aO 

LfO  LfO  CO  31  O  00  003  OO  O  CO 

LP\  CO  i — 1  C —  LT\  i — |  f- —  t' —  i — 1  [■ —  LfO 

CO  com  1ACOOJ  CM  o  O  O  CO 

-d  co  rH  H  H  UO  H 


0-  CO  O  VO 
CO  10-  CM  00 

pq  CM  H  Od  O 

Lf\  rH  H  VO  H  CO 


CO 

CM 


i — I 


co  co 
CO 


LfO  VO  CO 
00  CO  CO 
H  to- CO 
O  CO  rH 

•  ♦  • 

H  CO  o- 

_d  co 


-d  CO 

LfO  CM  CO  CO  d-  co 

CM  d~  LfO  VO  VO  LfO 

Q  VO  VO  CO  CM  d-  t-  d- 

CM  O  rH  CO  t —  VO  to- 


d-  LfO  CM  CM 

t — I  I — 1 


O 


o  o 

LfO 


o 

CM 

CO 


t—  CO  O  UO 
UO  VO  CM  d* 

CO  pq  co  O  d--d 

.d  uo  i — |  _d  i — 1 


cd 


OJ 


CO  CM 
CO 


10-  uo  CM 
-d  -d  O 


co 


I — I 


CO  CM  o- 
CO  CO 


l~D 


CO  C— 
CM  CO  co  VO  CM  UO 
O  O  CO  O  CM  rH 
CO  LfO  c—  CO  uo  co  uo 
CM  CO  CM  O  C —  UO  d- 


uo  CM 

i — I  rH 


CM  co  o  VO  O 

LfO 


-d 

uo 

CO 


VO 

LfO 

CM 

vo 

O  co 

CO 

co 

O 

LfO  o 

LfO 

-d- 

o 

co 

d- 

vo 

0J  uo 

H 

uo 

VO 

uo  d-co 

O 

OJ 

CM 

t 

CM  pq 

CO  CO  o 

-d  -d* 

OJ 

-d 

d- 

rn-d-  d 

CM 

GO 

CO 

CO 

o 

co 

CO 

-d" 

rH  OV 

o 

CO 

O 

o  vo 

-d- 

CM 

t- 

CM 

d- 

VO 

St 

rH 

CO  rH 
CO 

CO 

CO 

A 

Id- 

rH  . — I 

CM 

CO 

o 

O 

VO 

o 

CO 

d-  CO  O  LfO 

CO  CO  CM  CO 

rH  pq  d-  co  -d  -d-  CM 

CM  t —  CM  i — I  i — I 


d— 

CM 


CO  CM 
CO 


LfO  LfO 

VO  CM  CO 
CO  H  to¬ 
co  CM  VO 
co  co 


O  -d 
CO  O  co  d  co  VO 
O  O  O  CO  CM  rH 
VO  OMHH  CO  CO  CO 
CO  CM  uo  I>- VO  CO  VO 


LfO  CO  CM 

i — 1  i — I 


CO  O 


cj  o 

d- 


t— 

CO 


in 


in 


to 


to 


Pi 
CD 

•H 
0) 
O 
<D 

pq 

Pi 

0)  Ph 
1>  O 
H 

O  0)  CO 
cd  o  w 
Pi  <D  Cj 

(L  pq  2 


Pi 

O 

•H 

-p 


in 


w 


in 


Pi 

<D  Pi 

PM  <D  • 

P-i  fcD 

8  §„ 

co  tn  pq 


Pf  4H 

<d  o 
p-1  to 

$  s 

CO  g 


<4-1  CH 

O  o 


to 

to 

d 

*>• 


to 

in 

d 

2 


pq 


in 


q  to  q 

O  go 

•H  G)  -H 
4^  w  4^ 
O  CJ 

2S  g 

fL  pq  Pn 

<4h  Oh  Ph 
O  O  O 

in  to  in 
to  to  in 
d  d  d 

kr— •  Wc-1 
t--\  r^-4 


C L) 
i — I 
pi 


Ph  r-N 

O  w 

o  d 
vo  S) 


CO 


o 


in 


o 

Pl  rO  Cu 
do  Pn  PH  CO 
4° 


CD 

6 

8 

O 

>» 

Ph 


in 

to 

d 

01 


to 

in 

d 

2 


-P 

d  P4 

o 

d)  o 

rH  VO  PH 
PM  O 

S  H  o 
d  vo 


H  H  H 

o  O  o 


•  Ph 

•  o 

>  vo 


to 

in  h 

d  • 

2  2 


in 


fx, 

O  O 
'  O 

5  d 

cj  >» 

Pi  4s 


to 


O 

co 


C5 

M 

2! 


■H 

to 

Pi 

O 

Q 


Pi 

O 

•H 

H-3 

CJ 

d 

Pi 

pH 

<+H 

O 

CD 


rH 

O 


RSH  =  Receiver  -1-  Stopper  +  Hanger 


(  •! 


c  i.  :  , 


o  -  :  -o 

-  ,  /  ■ 

■:-.f  i  ■ 

-  J  *  .  , 

.  r ' 

i .  i  .  / 

:  h 

■  ,07  v. 

( ■) 

(O 


10 

.  CO  10 

:.o  ■  ' 

C;  t  O 

-  '' 

/O  O  /'j 

to  ••  O' 

/"U  LO  — , 

c  u 


f 

* 


K  1 


(  ■  K 


CJ 


V 

C  •  >  - 

l  ,■  <  .  . 

-  o  • 

- 

t  /  - 

/v 


- 


/  i  - 1< 


■  t  , 

•  «  * 

.  /  C  • 
'  t‘  <  v 


a' 


. 


r*> 


p  i/:  -  • 

r  .  .  »  •  G-' 


r  / . 

o. 


CO 


•  CO  f  o  CO  /  - 


C 


(  1 


•  .  ,  - 


r  , 


f  t  '  t  ■  i  •  - 


CV.  I  ) 

!/•  /  •  Vj 


:  >  O'  O  t  •  i  ;  •  ' 


- 

*  •  * 

l  0  >  : 


10 


*  J 


O  /•' 

- 


c  <  •  c  ( 
C  ’ 


.  /O I  p"l  U5 

i  ,  (• 

c  j 


C’>  c  }  m 


l 


o'  •  •  •' 

(*  ' 

LO  b  r*» 

ru  t  ■ 

«  * 


i  .  i  ■  0  (  ‘i 

"  C; 

’ 


-  t  J 


'  r  / 


/•  > 


« . «.  j 

>•  c  > 


c,  n 

'  -V 

0 . 

C': 

• 

. 

Hi 

f 

J-P 

• 

K1 

0 

h  • 

<0 

n 

O' 

Z> 

i ) 

u 

LJ 

• 

c  - 

6  1 

r  •. 

1  t  »  1 

1  1 

r  • 

.  » 

A-25 


IT-  OJ  O  On 
un  CQ  CM  un 


UN 

OJ 


H  CO 


c—  CO 

O  OH  VO  CO  COCO  UN  C— 

co  un  in-  un  oo  cm  in-co  c— 

rH  rH  ON  O  i — 1  O  i — |  UN  i — I  VO  i — 1 

COCO  4  ON  O  ON  UN  00  COCO 

•  ••  •••«»»» 

IN-  ON  IN-  VQ4  WCOOHO 
•4  OJ  i — |  i — |  i — |  4" 


O 

4 

d 


VO  IS 

vo 


CM 

IN- 

ON 

OJ 

LfN 

CM 


VO 

CO 

O 

i— I 

• 

rH 


o  co 

CM  t— 
-4"  4 

i — !  LfN 

CO  ON 
OJ 


CM  00  4 
CO  IN —  O 
C— 4  CO 

ir\  ir\  o 

LfN  ON  VO 
-4”  OJ  t — i 


Lf\  UN  O 
ON  CO  VO 
PQ  VO  OJ  4 
OJ  CM  o 


CO  LfN 
t-cQ  O 
OJ  IN-  [ 
OO  Q  VO  O 
LfN  CO  VO  CO 


4  OJ  CM  0J  O  LfN  o 
> — I  rH  -4 


ON 
I — I 


LfN 


VO  o  Q  VO 
CO  CM  CM  IN- 
UN  ON -4  4-  CO 
CO  i — |  4  i — 1  4" 


4 

CM 


i — I 


CO  On 
CM 


t—  LfN 

OJ  vo  VO  VO  ON  c — vo  VO  vo 

IN—  IN-  ON  OJ  COCO  00  O  O 

VO  co  CM  w  ONCOIACO  covo  CO  £— 

C044  CM  UN  t—  IN- VO  00  VO  4 

4  ON  LfN  UN  OO  H  CM  O  CM  O  4 

4  CM  i — I  i — |  i — |  ON  CM 


O 


O 

g 

•rH 

P 

O 

O 


M 

M 

H 

> 


O  CM  O  CM 

4  CO  OJ  4 

4  15  OCO  ON 4  4 
4  ON  H  CO  H  4 


VO 

OJ 


H  CO 


OO 


& 


IN-  0J  O  ON 
IN-  4  OJ  CO 
O  IN-  O  4  UN 
IN-  rH  OJ  H  O 


UN 

OJ 


CO  O 
OO 


ON  ON  O 
ON  COVO 
LfN  UN  O 
CO  O  CO 

•  •  • 

IN-  O  IN- 
CO  OO 


00 


4 


t—  CVJ 

LfN 

On  CM  IN-  CO  CM  UN 

rH  ^ 

D— 

On  IN-  CM  vo 

CM  H 

H  4  VO 

Q  4  VO  CO  CM 

IN—  CVJ  tN— 

CO 

UN  4 

o 

CM  O  H  CO 

In—  D—  En- 

UN 

VO  rH 

UN 

t—  UN  CM  CM 

Orio 

ON 

4  CO 

rH 

r— I  rH 

LfN 

rH 

O  CO  IN— VO 

ON  O  co  o 
OO  UNCO 
CM  ON  OJ 


00 
4 

_  UN  4 
OO  UN  in—  LfN 
O  IN-00  IN- 


UN  CM 
rH  rH 


CM  00  O 


UN  O 
UN 


CO 

VO 

ON 


UN  UN  O  O 
H  CM  CM  vo 
CM  S  CM  vo  CM  4  CO 
Cm  CO  H  H  H  LfN 


vo 

CM 


H  CO  o 
CO 


LfN  o  LfN 

O  vo  4 

ON  co  O 

vo  UN  H 

•  •  • 

IN-  O  C— 
OO  oo 


i — I  o 

CO  o  CO  4  4  tN- 
co  O  CO  CO  IN—  VO 
CM  ON  CO  H  CO  ON  CO 
O  CM  IN-  IN-  IN-  CO  (N- 


VO  CO  CM  CO  O  O  O 
i — I  rH  VO 


4 

VO 

ON 


rH  IN-  O  CO 
ON  IN—  CM  CO 
H  15  H  UNCO  4  4 
i — i  In —  i — i  4"  i — I  co 


LfN 

CM 


rH  CO  O 

oo 


i — I  -4 

VO  CO  CO  CO  O  CO  4  VO  ON 

COCO  4  CMC-UNOO  ON 

4  4  ON  [r|  CM  H  O  ON  O  D—  ON  vo 

o  COVO  ONVO  CO  CM  t—4  vo  LfN 

C—  O  VO  VO  4  CM  OO  o  O  O  On 

CO  OO  H  H  IN- 


co 


co 


co 


U 
0 
i> 

•H 
0 
o 
0) 

uK 

CD 

t>  O 
H 

b  0  « 
d  a  m 
P  0  d 
Pq  fP  S 


P 

O 

•H 

-p 


to 


CO 


CO 


P 

0  P 
Pi  1)  ’ 

P  bD 

o  P 

-P  d 
W  S  « 

P  Pi  Pi  Pi 
0)000 


Pi 
Pi  CO 

0  w 

-p  d 

CP  S 


co 

co 


a 

co 


s  s 


0 


PS 


P  w  P 
o  s  o 

•H  oD  *H 
■Pv-r-P 
o  a 

S3 

fin  PP  pen 

H  H  H 

o  o  o 

CO  to  CO 
to  CO  CO 
d  d  d 
S  S  S 


CO 


0  O  LQ 

rH  O  a 

p  vo  So 


c/i 

+ 


CO 


o 

0  P?  pH  Ol 

•p 


o 

f>» 


-p 

d  P=H 

o 

0  o  c 

i — I  VO  Pi 
Pi  O 


*3 


d 


co 


Pq 

)  o 

-P  -P 


Pi 

O 


0 
a 

o 
p  w 
o  0 
to  d 
Pq  s 


Pq 


Pc  Pi  ISO 

°  °  ;g 


0 

CO 

d 

S 


0 
co  pq 

d  • 

S  2 


o 

cn 


•H 

5 

5 

M 

S! 


d 

•P 

•H 

0 

P 

0 

P 


0 


P 

o 

•H 

-P 

O 

d 

P 

pq 

Pi 

O 

0 


rH 

O 

> 


* 


RSH  =  Receiver  +  Stopper  +  Hanger 


/v  c  ro  r  o  c' 

-  J  LO  (  O  / 

,  .  |  £  |  a 

O)  C  ,•  SO  <  A 

ro  i«-;  :  c  > 

LO  V-.  .  !  ,  h  , 


h .  ad  O 

fO  O  LO 

-"J  AU  l  O 

c  ro 

lo  >  > 

-  j  A  - . 

L, 

A.J 

C  •> 


-  ; 

A1 

ad 

LO 

C' 

LO 

• 

(V  <  O 

o 

-•J 

- ‘ ' 

CV 

r  * 

ro 

( v  P  i 

(  o 

a 

y  f  ' 

c  C  1 

A  1 

1 

LO  r  ! 

O  /I’ 

C  ’ 

Ai' 

ro 

AVI 

I- , 

n 

LO 

ah  -> 

CO  00 

C'~-  a) 

oo 

O  ‘  C: '  I  J 

c>  o 

O' 

i  o 

10 

>  ”  1  “  . 

-  LO 

I  J 

>  0 

-'J 

f  '  /  C  '  i  o 

C  A  '  <  o 

A"  l ! 

i.o  <  -v  go 

ro  t 

A  AO 

A'  ,  U 

OO 

l J  Pi  i  ■  • 

i 

AU  A'. 

A  i'o 

LO 

LO  . 

L> 

l/. 

Cj 


AU 

!  >  r>  -  :  i/> 

l 

i-j  r  '  t  ;  - ' 

I  O 

-  :  to 

-  1  .  c  ’ 

-1  C  < 

< '  Vi  .1 .  r 

-  J 

A  I 

a> 

LO 

C  ' 

—  f  o 

O 

A  J 

AU 

_•  r- 

l  A 

i 

;  ; 

"  ’j 

-  . 

A'  O 

(  O 

AJ 

AJ  LO  -  j 

10 

o 

- 

1  •/ 

!~i  / 

Aj  *  a.' 

(  0 

'■ ■  .  <0  V. 

('■'J 

AO 

LO 

AT; 

< ■. 

.  a  ’ 

CO 

r 

-  J 

•  • 

• 

* 

♦ 

• 

• 

-•j  t 

ro 

r  / 

( •< 

l  U 

nj 

(' 


■  ro 

Cfj 


•  (  ') 

(  / 

All 

All 

AJ 

All 

' 

i  ■ . 

ry 

r  ' 

LO 

ro 

(  O 

LO  ,  - 

/  «’  ' 

A  '  :  • 

— 'j 

<  O  -  j 

AU 

C  ' 

AM 

U  j 

■  1  - 

AO 

r  .  i  o  ro 

CA 

C  ’ 

<■  0 

ro 

ro 

a  r 
/  • 

i^.ro 

O  Co 

•  •  1  Q  0  ’ 

i  .  c  r^ 

P0 

P-.  P-1 

/ 

p 

All 

'  -  -  ’ 

LO  i  o 

C0'  O 

ro 

■  . :  . 

-  j 

•A.  C  ' 

C '  ’  -j 

<  o 

( o  ro 

(  0 

1 4 


-J  o 


(  '  1  .'0 

i- 

—  -  -  - 

v _ x 

_ _ 

Cf  A  , 

/ - \ 

A — \ 

1  >• 

K- i  ^  N 

«-5 

C 

'  A  - 

!-»• 

:  - 

1) 

•.  - - -  : '  "  O': 

CP 

S _ / 

r  t_ 

V _ A 

. 

<• 

'  3 

.  ,  a-  . ..  '•  a 

r r  L  (  ’  cj  » >  <;  ■!  i  ■  : 

• 

A 

»  1  \r  ?  1  P 

K.1 

‘  I-’ 

f<-  r  •  ! : 

1  • 

••ic’  ; 

H* 

f  >. 

.  n  o 

0}  V) 

o 

J 

* 

•  J  j  i0  A, 

.J . 

i  • 

A-2o 


ON 

vo 

IN-  PQ  vo 
O  CM 
<— I  • 
CO 
CM 


-  CM  -4"  CO 

r)  rH  1A 

•  •  • 

H  CO  CM 
CO 


in-  o  in- 
H  coco 
co  co  on 

On  ltn  CO 

•  •  • 

CM  CM 
4*  CO  H 


CM  4- 
CM  CO  ON  CO  O  '  CM 
IN—  CO  CO  £•—  ON  00 
Or— lOHLTNr— ItN-rH  LfN 

ON  O  Ox  LfN  CO  CM  CO  rH 

VD4  OJ  COO  H  O  LfN 

rH  rH  -4"  i — I 


CO 

O 

LfN 

4- 

LfN 

ON 

CO 

LfN 

00 

t— 4" 

VO 

LfN 

LfN 

CM 

CO 

ON 

CO 

LfN 

00 

00,4 

P 

OO 

P 

PQ  LfN  VO 

LfN 

4- 

LfN 

Q 

LTN 

LfN 

PQ  U-N 

P 

CO 

CO 

Q 

P 

Q 

LfN 

ON  rH 

4- 

rH 

£*— 

VD 

IN- CO 

p 

P 

o 

LfN 

CO 

vo 

00 

IN- 

ON 

rH 

co 

co 

ON 

CO 

LfN 

4-' 

P 

p 

P 

O 

4- 

O 

ON 

P 

co 

4- 

CO 

rH 

rH 

rH 

4" 

rH 

LfN 


CM  O  O  CM 

H  VO  CM  ON 

CO  ltn  o  -4  0J 

IN-  CO  H  CM 


4" 

CM 


H  CO 


& 


-4  ON 

LfN  CM  CO  CO  ON -4  VO  IA  tN- 

co  ON  ON  CO  CO  ON  CO  H  Q 

UN  CM  CM  P  H  CO  t — CO  CO  LfN  CO  CM 
CO  CM  VO  IN-  LfN  H  tN-  IN-  LTN  (N-  o 

4-  ON  LfN  LfN  CO  CM  CM  O  ON  O  O 

4"  CM  i — |  i — I  i — |  4"  CM 


ON  VO  O  LfN 

LfN  V0CM4- 
^  4-  4-  4-  4-  CO 

H  t—  VO  H  ltn 

r— I  •  »  .  . 

4-  H  CO  ON 

CM  CM 


CM  LfN  t— 
CO  4-  oo 
IN-  CO  CO 

VO  LfN  H 

•  *  • 

4"  On  ltn 
4-  CM  rH 


R 


i — I  CM 

ON  IN- 

H  vo 

CM  O 


CO  LfN 
ON  OO  CO  VO 
i — !  VO  i — !  O 
LfN  CM  VO  LfN  VO 
H  CO  IN-  CO  C- 


IN—  LfN  CM  CM 
r— I  rH 


0  4-0 

LTN 


O 

ON 

ON 
i — I 


LfN  CM  P 

IN-  .4  CM  CO 
CO  t —  CO  vo  4-  CO 

O  IN-  H  H  O 

r— I  •  .  •  • 

CO  rH  coco 

CM  CM 


4-  IN-  t— 
O  CO  VO 
IN-00  00 
OO  o  CM 

•  •  • 

LfN  00  t— 
CO  CM 


O  CO 
O  CO  In- VO  On  H 
On  O  CO  O  H  H 
CM  LfN  IN-  CO  LfN  On  LfN 
CM  ON  CM  P  IN-VO  C— 


LfN  CM 
r— I  r- 1 


CM 


CO  O  VO  P 
LfN 


p 

IN- 

ON 


CM 


IN- 

ON  O  VO 

CO  vo 

P 

CO 

o 

co 

4- 

CM 

VO 

LTN 

o 

| - 1  OJ 

ON  4- 

LfN 

P 

c— 

LfN 

O 

o 

ON 

rH 

IN- 

P  CO  4-  ON 

ON  ON 

o 

P  ltn 

1 — 1 

CO 

0\ 

4* 

LfN 

CO 

LfN 

LfN  rH  CM 

CO  P 

H 

O 

VO 

-4 

CM 

IN- VO 

IN- 

vo 

rH  CO  ON 

VO  ON 

C*— 

In— 4* 

p 

CO 

O 

ON 

O 

ON 

p 

P 

CO  P 

rH 

rH 

LfN 

H  rr 

3  H  cd  h  £ 


LfN 

CM 


CQ 


u 
0 
> 
•rH 
0 
o 
0 

0  P 
£>  O 
■H 

b  0  co 

c3  O  CQ 

fn  (1)  d 

Pq  P  2 


a 

o 

•rH 

-P 


rH  CO  ON 
CM 


CQ 


CO 


CO 


U  P  P  <h 
0  o  o  o 


Pc 

Pc  CO 

o  co 
■P  cd 
CO  2 


CO 

CO 

cd 

2 


POP 
VO  VO  Q 
IN-  On  CO 
VO  IN-CO 

VO  ON  vo 
CO  CM 


CO 


CQ 


p 

+ 

£  w  £ 

0  SH  S  H  i)H 

P  0 - '  -P  -p 

p  tlO  0  O 

co  p  p  fq  P  pq 


co 


P  P  P 

o  o  o 

CQ  CO  CO  CO 

CO  CO  CQ  CO 

cd  cd  cd  cd 

2  2  2  2 


co  co 

LTN  O  LfN  4"  IN-  O 
CO  O  CO  CO  O  O 
O  ON  rH  I— I  004  CO 
~  CM  t—  IN-  IN-  H  IN- 


VO  CO  CM  CO  O  CM  O 
rH  i — I  VO 


CO 


CO 


pq  '  ' 

0  o  w 
'p.,  5  §) 


co 


co 

+ 


O  b 
Jh  !>* 
0  P  P 
■P 

0  P  P 
goo 
O 

£  CO  CO 
O  CQ  CQ 

2  cd  cd 
P  2  2 


•P 

cd  P 

o 

0  Q 

H  VO 

1  "8 

CO 

o  • 

CO  ^ 

co  W 

• 

2  2 


P 

O 

3 

P 

o 

§ 


co 


p 

o  o 

-p  -p 


•H  cd 

cd  2 

U  -P 

O 

M 


O  P 

CO 


rH 

CO 

£ 

0 

R 


P 

4" 

ON 


CO 


£ 

O 

•rH 

-P 

b 

cd 

£ 

P 

P 

o 

0 


rH 

O 

> 


in 

0 

tsD 

£ 

cd 

P 

+ 

£ 

0 

P 

P 

O 

-P 

CO 

+ 

£ 

0 

> 

•H 

0 

o 

0 

p 


p 

* 


\n 

c  /  />.<•■» 

LO 

(>/(■; 

— 

cu 

j-  - 

'  ■  •  |  < 

!  .  t" 

O  K 

^  <  o  L'.j 

CO 

-  J 

-  j 

o  o  ;  •, 

co 

r<;  cp 

<  o  to  r. 

i  ••  -  .  io  - 

F> 

PI 

t  ■/ 

/Ti  h.  I-  - 

to 

* 

•  « 

*  +  «» 

« 

!0 

iO  <  ■)  (•  , 

C  V/  . 

ro 

C' 

!— i 

.  •  r 

✓  ■  ('3 

/  ')  C-SJ  -u. 

f  v  o 

(  /  .  -  . 

(  •  / 

ro  i.o  /' 

cu 

10  .  ( f  0 

tO  C  ■  P3 

/••/  -.  o 

C  '  /  -•  ; 

— „ 

C  '  0 

-  .  C  ' 

-  I  . 

♦  4>  * 

m  •  » 

• 

O 

• 

/v  ro  <• 

(Oft>  | 

to 

;  i  . 

•  r- 

ro 

ID 


.  *  0  ' 

!-  - 

i  o 

(  ■/  '  CJ 

LO 

10 

.  (  M 

(  o 

/•(' 

to  ■  '  ' 

,  • 

- ..  f  / 

l  -  1 .  ■ 

I/O  i/j  c>; 

-  C  Cl1 

—J  — 0 

f  '  i  ^  ■ 

O'  1  >  > 

1  0 

-■  .  I/O 

LO  ^ 

rv 

CU  A’  ’te- 

ro  j_, 

to 

(  '  r '-j  ro  ,  o  10  f  i 

c'  r .  —i  ft:. 

C  '/V  O'  Jj  C  ’  !  •  r 
-  .  ro  -  ; 

O  -  ;  D  10  c.  -  ; 

A.J  l~,  !  -i 


— 

C  ' 

no 

f  •; 

p ' 

i 

. 

ro 

a' 

C  ' 

« 

4 

• 

- 

• 

« 

• 

/  t  ’ 

ro 

I  > 

to 

C  ' 

-  .  i  •/  “ 

/  V  C~.  C! 1 

(  '  / 

— 3  c  to 

-  :  <  j 

• 

*  *  « 

« 

*  •  » 

:  C  '  O 

(O 

i  >  VO  /• 

/ 

_  — j 

LO  /-O' 

c>(  -  o' 

(  ■;  1.0 

-  -^1 

C'ro  -  -j 

!  0  :  (  0 

—m2 

*  Co 

h.  ro 

L  /  (  / 

i  j 

f  / 

I-* 


CO  -  ; 

/O  c,  t  .  -  ’V  -  ;  10 
» o  cu  ./,  c-  :  ,  /.i 
C  '  C  '-'j  :o  :  c  '  o 

•  '  c:  c  co  iO  • 

Cl!  K  H 


O' 

0' 

O 

—  J 

z  u 

,  f) 

A. 

U-- 

•'  -  It) 

-  ■  ; 

• 

(  ■> 

/LI 

Ci.1 . 0 

_ 

A 

C-' 

( 

L  - 

L  > 

to 

W 


co 

;  •• 
c  !- 

O 


•  ~3 


M 


A; 


ro 

(  o 

—  J 

.  /  o  co 

CL’ 

r>)  oo  co 

(  O 

to 

r^> 

t  o 

■'  C'y 

PI 

-■  . 

j 

•  .. 

-  .  — J 

I/O 

(O-  .0  f-/ 

cv 

1 

3 


-N 


•  '•  ,  c> 

V  •  ■ ' 
.  :  - 

O'.  :  ' 

1.0  (  '/ 


C  '  1/0  <  0  } 

r  •:  V  h  ■  ■  1 


r  i 


ro 


tO 


, — „ 

s 

v _ / 

03 

- - 

^ _ s 

/~N 

V  ’  z 

ro 

C' 

A — s 

s. _ / 

v - ✓ 

c+  :j 

y  x 

— / 

ll 

H? 

!•? 

!  > 

-}* 

r  • 

1 1* 

o 

C  •. 

— 

I-  • 

■r  * 

« 

o 

i 

c  . 

f  *> 

;./ 

o 

r  , 

t,j 

J  :‘i 

Cjl 

'  • 

« 

C;_ 

V  1 

W  *. 

!  ?  I-? 

:  * 

HP 

.  ? 

k;  a 

)  p 

~*r 

O 

* 

i  .• 

r  .i 

:■  .• 

<* 

o 

to 

03 

IJ 

to 

r- 

CJ 

o 

0  .  / 

fill 

.  *  i 

.J 

1 

r  ft 

CO 

^ . 

1 

1  1 

A- 27 


oo  oo  O  H 

co  vo  CM  CM 

4-  PH  ON.4-  <0.4-  4- 
00  f —  i — |  OJ  i — I  i — 1 


C- — 

OJ 


OO  OJ 

oo 


CM 

CO 

vo 

H  UN 

QN  CO  VO  CO  vo 

CM  CO  ON  4-  Q 

CO 

8 

CM  _4- 

ON 

CO 

S’ 

O  CM  0  rH  un  CM 

CO  H 

-4’ 

ON  O  ON  UNCO 

ON  CO 

UN 

CM 

CM  d 

VO  -4*  CM  co  d 

d  d 

CM 

-4" 

CO  H 

rH  rH 

-4" 

rH 

vo 


CO 

vo 

ON 

vo 

O  ON 

00 

ON 

-4* 

CO 

LTN 

00 

I — 

1 - 1 

co 

co 

-4* 

CM  ON 

00 

ON 

co 

t" — 

004 

CM 

4- 

vo 

co 

CO  00.4-  LTN 

co 

LON 

CM 

pq  vo 

CM 

-4- 

OO 

Q 

1 — 1 

O 

O 

0 

rH 

H  vo 

covo 

4- 

CM 

CM 

0 

LTN 

CD 

00 

co 

UN 

ON 

rH 

CO  CO 

ON 

00 

UN 

-4" 

CM 

CM 

CM 

O 

CO 

1  O 

ON 

CM 

00 

-4- 

CO 

rH 

rH 

(H 

rH 

ON 

ITS  pq  vo 


OJ 


vo  O  H 

ON 
OJ 


lAOJ- 
OO  CM  O 
-4"  -4-  UN 
H  H  OO 

•  •  • 

H  OO  OO 

oo 


CM  .4-  CO 
4  O  OO 
4-  lAON 
ON  OO  UN 

CO  OO  UN 
4  OH 


O  UN 
oo  ON-4  vo  OJ  -4- 

VO  OO  CM  CO  VO  UN 

tp  CM  OO  ON  CO  CO  CO  CO  UN 

4-  ITS  H  4-  4- -4-  4-  CO 

UA  OO  CM  CM  O  CO  O  ON 

i — 1  i — I  -4"  i — I 


O 


rO 

<D 

§ 


-4- 


CO 

pq  cm 
u\  h 


a 


-4’ 

rH 

ON  O  VO 

H  VO  UN 

-4"  CM  CM  CO  4- 

O 

4-  CM  co 

CO  co  On 

rH  4- -4-  VO  UN 

UN 

O  -4"  4- 

rH  4-  (O 

Q  covo  VO  CM  vo 

ON  VO 

CM 

VO  H  CO 

rH  CO  CM 

CM  O  H  00  4-  CM  4- 

ON 

H  co  CO 

On  co  un 

4-  un  CM  CM  O 

CO  0 

ON 

CO 

-4-  on  h 

H  H 

UN 

1 — 1 

-p 

p 

O 

o 


H 

M 

H 

> 


14-  CO  O  UN 

UN  VO  OJ  .4- 

ooffl  ONO  14- -4-  H 


-4"  un  | — |  44  i— ) 


CM 


OO  0J 
OO 


IAUNO 
0O_4-  on 
CO  r-J  VO 
un  CM  oo 

ON  CM  4— 
oo  co 


O  CO 
CM  OO  ON  VO  0O  LTN 
40VOOH  O 
h)  OJ  UM4-rouN4-  un 
CM  ON  OJ  o  4- CO  4- 

UV  CM  CM  OO  O  VO  O 
rH  i — I  UN 


CM 

CO 

ON 


g 

< 

EH 


CM 

VO  O  CO 

VO  co  co 

4— 

VO  CM  UN 

COUN4- 

CM  pq  ON  ON  0  -4-  -4- 

O  -4"  UN 

CO  CO 

-4"  rH  ON 

H  ON  H 

4— 

CM 

ON  rH  d 

co  co 

OO  CM 
CO  O  CO  -4-  CM  UN 

IA4-CO  0  4  OO 

jxl  VO  H  -4-  ON  -4"  00.4- 
O  VO  4  CM  4- VO  4- 


4--4- 
H  H 


OJ 


OO  O  CO  O 
UN 


OO 

VO 

ON 


CO  0 

UN 

UN  UN  O 

00 

CO  CM 

ON 

-4*  ON  UN 

pq  J±  CO  -4-  -4- 

CM 

14-  CM  .4- 

CM  4- 

CM  H 

rH 

rH  H  0 

• 

•  • 

• 

•  •  ♦ 

4- 

rH  co  CM 

ON  CM  4- 

CM 

co 

CO  CO 

00  00 
CM  O  CM  -4-  OO  VO 

CM  O  CM  OO  O  ON 

O  On  i — I  i — !  oO  oo  CM 
O  CM  4—  4-  4-  CM  4- 

VO  OO  OJ  OO  O  CM  O 
rlH  VO 


ir\ 

VO 

ON 


CO 


co 


co 


P 
CD 
!> 
•H 
<D 
O 
CD 
K 

p 

CD  <+H 

!>  O 

O  CD  W 
d  o  co 
P  CD  d 

h  «  s 


P 

O 

•H 

-P 


CO 


CO 


P 

<D 

Pi 


CO 


P 
<D  • 


P4  bO 

P 

CO 


B 

co  w  K 


p  <n 

CD  O 
p 

P  CO 
0  co 
-P  c3 
co  S 


P  cH 
O  O 


co 

CO 

c3 


CO 

co 

c3 

S 


co 


+ 


CO 


p 
O 
•H 
-P 
o 
d 
P 
P  pq 


P 

O 

•H 

-P 

o 

d 

U 

P 


<*-1  *41 

OOO 

CO  CO  CO 
CO  CO  CO 


CO 


CD 

rH 

Pi 


P  »—'> 
O  w 

$  h 


CO 

+ 


o 

P  >4 
CD  CM 
-P 

1 
p  CO 
O  co 
>4  aJ 
Pc  S 


<H 

O 


co  p> 

>■— '  CD  O 
H  VO 

*  &  . 

o  d  -p 

>4  ro  c3 

P  CO 

<H  <+H  d 

O  o  • 

> 

CO  CO  . 

co  co  pq 

P  P  * 

2  2  2 


co 


P 

O 

s 

Pi 

O 

8 


p 

-p  -p 

,  *H  c3 

c}  >5 
P  -P 
O  -H 


M 

O  P 
CO  < 


co 

P 

CD 

R 


CO 


p 

o 

•H 

•p 

o 

c3 

p 

p 

<p 

O 

CD 


rH 

O 

> 


* 


Receiver  +  Stopper  -I-  Hanger 


(  0  to 

(  ' 

'  0  ’  (  V 

rO 

/,j  !  •< 

'!  ,  10 

CV 

!  O 

ro 

(  .i 

C  ' 

' 

(  0 

H  CO  l  . 

v ' 

:j  O 

?■  •  •'  . 

i  o 

c. 

Co  ! 

J-.  - 

♦  « 

•0 

n  * 

* 

4 

ro  to  ••  . 

C ' 

I/O  i  •/ 

-  ! 

t-1 

Ki 

•  f  •/ 

ro 

10 

SV 


r  . 

O' 

( 

<  i: 

. ..  ro 

i  ■  - 

-  J 

.• 

c  ’  .  1 

-  C  '  f  O 

•  • 

♦  y 

rt 

t 

4 

k  4  • 

CO 

/  '  (  o  ,■ 

,  '  c  C' 


( 

(  o 


j  .f  /  ro  «.  .  .  .  ' 


ro  ro  '• 

c  o 


ro 


r  j 


(  / 

l.tO 

Q  /“I' 

ro  ;  ■ 

1  o  r  ■ 

rii  i  o  /x) 

CV  I  t-, 

’..■CO/  ' 

■  co  ' . 

CO  Co  (. 

S'  ) 

hf'  t~ 

Co 

i . 


C-. 

CJ 


C 


(  > ; 


l  fj  c  o  ( ■ 


Ci' 


o 


r  ■  J 

1  C  ’  1  - 

C-).  ‘ 


l.  V 

to  ro 

cv 

N 

'w' 

\ _ / 

CV 

c>  CO 

cf; 

*«■{■  & 
to  I  • 

■  , 

!  •  ’  1  C  1  , 

«  >  .3 

!  1  f-l 

- 

;  ,  :  .  . 


;  1 1 


'  I 

n  *  » 

— j  10  ■  O 

n  ~i  (  o 


i  ,•  ■. 

C\  ^ 

O 


L  • 
r  •. 


/  '  O  ' 

.  LO  f  o 

.  >  ir 


co 


j  i  'j  • 


/■"N 

-s  :  i 

•  ^ ^ 


f  .  t • . 


< 

■  • 


o 

»  .  i 

r,  . 

0 

kP 

H1 

:■  • 

to 

CO 

t’J  CO 

IX) 

rj 

o 

j  «*, 

to 

3 

r:- 

- 

r~  i 

:  .• 

r 


-  1  •, 

m  O'h 

cv 

LO 

C' V. 

r  '  :  . 

c  '  C  O  ■ 

1 J 

- 

h-.1 

• 

«  4>  *• 

r 

«  * 

/ 

1  . 

LO  /  ’  -'J 

f  o  .  . 

i  ; 

f’V  ! 

/ 

:  L , 

'  .Co  .. 

/  . 

CM  1.:  /  '  t*  ;  -  /  I/  C~ 

'  *  <  • )  1,0  1  ’  J  /  1  ■’ 


<  ■/  t  j  /  ■ 

«  •  » 

Lo  t". 

i  .  ro 


u  <  >  : 
ro 


/*  N 

• 

f  • 

r  •. 

-  - 

V _ / 

/' 

;  ( o 

* 

CO  CV 

C  -  c  ' 

Co  .  Cy  - 

-  \  rc  co 

■  •  c.  ' 

- 

(  '/ 

ro 

c  > ;  : 

-  ■  t  '-j  LO  .  '  ' 

k) 

c.  'Co  :  :■ 

-  j 

~~r-  ’  it'\. 

’•  -i  (  o  t , 

— -j 

t-n 

CO  (  o 

(  1 1 

I/J 

A-2b 


L 

ir\ 


^  In-  cn  oJ 


U\ 

cvj 


OJ  O  ON 
CO  CM  UN 
On  4  i — I 
cvj  h  co 

•  •  • 

rH  CO  ON 
CVJ 


C" —  ON  00 

oo  ir\  tr— 

WHO 

■H  CO  CO 

CM  ON  CVJ 

4  OJ  H 


4 
VO 
O  CM 
ON 


_  o 

CO  H  CO  VO 
CO  CO  t—  rH 
O  OJ  UN  CM 
O  ON  UNCO 


rH 

CO 


CM 
IN- CO 


VO  -4  0J  CO  O  O  O 
rH  i — I  -4 


On 

On 

• 

-4 

H 


CM  VO  O  CO 

In-  co  cm  n- 

VO  Is:  ON  0  0-4-4 


VO  CM 

UN 
CM 


rH  rH  UN 

•  4  • 

rH  CO  ON 
CM 


H  CO  CO 
-4  IN- VO 
CM  4  IN- 
CM  UN  VO 


rH 

-4 


a 


i — i 
rH 


£■ — 

-4  UN  ON  In-  VO 
CM  COCO  CM  CM 
P-l  CO  CM  O  CO  CO  4 
CO  OJ  H  unco  4  00 


CO 

& 


4  CVJ  OJ  CM  O  CO  O 
H  rH  co 


4 

O 


UN 


VO  O  O  VO 
CO  CM  CM  t— 
UN  ON  4  4  CO 
CO  H4  r!4 


4 

OJ 


H  COON 
CM 


UN  VO  ON 
H  IN- CO 
t —  CO  CO 
H  4  IN- 

UN  ON  UN 
4"  CM  i — I 


ON  O 
VO  ON  IN-VO  O  O') 
CO  CO  ONCO  r-l  O 
CM  COCO  CO  CM  CO  CM 

oo  un  cm  r-co  co  co 


UN  CO  CM  CM 
H  H 


O  O  O 
4 


CO 

rH 
< 7\ 


O  CM  O  CM 

4  CO  CM  4 

4  rs  O  CO  ON4  4 
4  ON  H  CO  H  4- 


VO 

cvj 


H  CO  i — | 
CO 


VO  CM  4 
IN-4  CO 
UN  4  H 
N— 4  CO 

•  •  • 

VO  H  UN 
4  CO  H 


Q 


O  CM  CO  CO 
H  tN-  CO  VO 
IN-VO  O  CM 
CM  O  CM  00 

N-  UN  CM  CM 
H  H 


UN  o 
IN-  O 
ON  ON 
t- —  t —  t- — 
t —  ON  C — 


o 


On  O 
4 


VO 

VO 

ON 

iH 


IN-  CM  O  ON 

IN-  4  CM  CO 

CO  IS  o  IN-  O  4  UN 

CO  IN-  H  CM  H  O 


UN 

CM 


i — I 


CO  O 

co 


CM 

CM 

CM 

4 


On  CO 
COCO 
UN  VO 
O  co 


C— O  IN- 
CO  CO 


UN  CM 
IN-  CO  4  VO  O  CO 
CO  o  CO  o  o  ON 
UN  UN  O  CO  VO  IN-  UN 
CM  ON  CO  O  N- VO  IN- 


UN  CM  CM 
rH  rH 


co  o  4  O 

UN 


o 

IN- 

ON 


CM 


UN  UN  O  O 
CM  CM  VO 
VO  CM  4  CO 
CO  h  H  H  UN 


cd 


vo 

CM 


H 


oO  O 
CO 


CO  o  co 
vo  VO  o 

IN-CO  ON 
VO  UN  o 

CO  O  CO 
CO  CO 


vo  4 
O  O  O  4  IN-  o 

4  IN-  t—  O  ON  ON 

SX)  CO  H  vo  ON  4  CO  4 
O  VO  4  CM  IN-  CM  N- 


IN-4 

rH  rH 


CM  CO  O  t —  O 

UN 


O 

rH 


H  N-  O  CO 

ON  tN-  CM  CO 

^  H  IACQ4  4 

rH  IN-  rH  4  H  CO 


UN 

CM 


H  COO 
CO 


Ed 


co  co 
co  co 

UN  4  O 
O  ON 


N-OVO 
CO  CO 


CO  IN- 
00  O  00  4  C—  O 

o  o  o  co  o  o 

4  On  un  H  4  i — I  4* 
O  CM  IN-  N-  UN  IN- 


VO  ON  CM  CO  O  ON  O 
i — !  rH  UN 


vo 

o 

ON 


CO 


co 


CQ 


CO 


u 

<D 
{> 
•H 

0 
o 
<u 

ua 

0  Ch 
t>  O 
H 

O  (U  W 
OJ  o  tD 

Ph  «  g 


p 

o 

•H 

-p 


CQ 


co 


u) 


ph  q  h  q 
0000 
P 

PM  co  co  co 
o  co  CO  CO 
-P  cs}  aj  cO 

ragSS 


CO 


8 

Ph 


P  CQ  £ 


o 

•H 


O 

•H 


H 

0  H 
P  O1 

p  5? 
o  P 
4  cO 


CO  frj  <Xk  Ph  PCi  Ph 


Ch  CH  CH 
O  O  O 

CO  CO  CO 
CO  CO  CO 

cO  cO  cO 

r— i 


0 

rH 

p 


CO 


Ph  ■ 
O 

o 

VO 


CO 


CO 


-p 

0}  pH 


CO 

§> 


0 

0 

•  •  Pi 

s 

c3  tc 
H  & 

1  cO 

2  H 

0  0  s 

H  >5  >5  CO 

4^ 

0  <+H 

1 0 
P  CO 

CJ  CO 


O 

0  Q 
rH  VO  Ph 
O 

-P  o 
cO  VO 

H 

£ 

>  'S  C5 
co  . 
cq  pq 


Ph 
)  O 
^  O 

•P  -P 


Ch  <+h  pso 

O  O 


Ph 


cO 


P 

CQ 


H 

5! 


0 

-P 

•H 

CO 

p 

0 

Q 


CO 


p 

O 

•H 

-P 

0 

cO 

H 

p 

O 

0 


rH 

O 

> 


+ 

H 

0 

r> 

•H 

0 

O 

0 

Ph 


P5 

* 


Stopper  +  Hanger 


i  i  :■ 

ro 

r  . 

('>  C  ' 

!  j  J 

-  -  ■ 

: 

<  VJ  O 

/0 

(  /  *.) 

C  C> 

-.o' 

-  • 

—  i  /■ V  t  O 

/V  %JJ 

/u 

-  .. 

C 

<  o  h 

!o  f  W 

. 

(  •  / 

1 

/"ll 

H  to  1  . 

-  j 

/  •j  . 

i  o  > 

:  . 

0  ' 

L  j 

O'- 

-  J 

ro 

O 

1.0  (  ■/  ,  . 

!  0 

-  0 

CO/.! 

/•*  :-t 

!  0  ( 

I* 

*  u 

• 

•  * 

* 

« 

/ 

<  •> 

:  :  J 

l  ) 

ro 


ro 


—  .*  ■  j 


to  i  .  c<> 


/T3  cy/-.j  r.'  :  o  cv 

(/('>-  !  •/  '  /  '  .  ' 


!  ’ 


—  ; 

f'J 

'  t  o 

•1:  !  y  CO 

Lo 

o*<  o  -  , 

ro  - ...  - 1 

/ — S 

C  ' 

-  j  -  ‘ 

■ ,  t  1 

H  •  -/u 

b> 

C  ' 

-  _ 

•0 

ro  • 

t _ 1 

r  o 

Hi 

0 

•  «  * 

•» 

• 

• 

• 

L  . 

10/ 

— 

/  Hi  CO 

(  o 

Hi 

C  ’ 

!  •> 

}  ,  <  o  •  . 

t  J 

tv 

rh 

V _ / 

(  / 

C  ' 

1  0 

<>/  .  ",  IO 

—  j 

( 

(  -j 

C  '  >  ;  j 

< 

—  J 

/  ■ 

(  ■> 

rc 

<0* 

C  '/  ’  (0 

-'1 

(  o 

""■J 

(  ■ 

r  ■/  , 

<o  < 

~  . 

i  - 

*• 

t  *  » 

• 

♦ 

(  ■) 

1  .•  1 0 

/  '»  ’ 

(  , 

r-i 

r 1 

/ 

r  ; 

C  •  y  f  •  y 

c  , 

to 

*>  J 

■3 

G 

0 

O 

/ 

-  o '  r  ' 

r ' 

l  . 

r 

O'! 

.  -- 

O' 

10 

•'  * 

\fj 

C  ' 

CO 

! 

( •, 

to 

<  . 

!  , 

—  ' 

(  . 

CO 

P  I 

1 

\  . 

fwO) 

( •  , 

r.  '  ■ 

i 

- 

t " : 

oo 

1  . 

. 

:  ■, 

/  -  _ 

- 

(  . 

i  0 

— ^ 

• 

1 

Co 

1  J  <  •/ 

O' 

CO  t.  - „ 

(  '/ 

/•u 

!-t 

(0(0 

CO 

L-> 

/ - V 

O’  N 

y'  N 

>■  > 

V _ - 

_ _ ' 

t 

y"  x 

<  -N 

CJ 

N 

r 

•  •  3 

c  • 

‘s — ^ 

y*  \ 

' — ** 

^ - ^ 

^  '  1  * 

i ; 

’v 

V  ’'  ' 

a 

; 

i 

J  ,* 

r  i. 

,  r  , 

^  1 

■  • 

r  • 

r  . 

• 

C 

C  i 

;  o 

o 

b 

o 

C;.  C+ 

O  <; 

•> 

W  ^  • 

* 

.  i  fc) 

;  •  ' 

IV 

r  !-  r  ’ 

• 

• 

'  •  ' 

<  ’ 

!  '  * 

C  I" 

o 

0 

i 

'  )' 

o  b_ 

.  c- 

0  i 

A-29 


On  H  O  O 
VQ  4-  OJ  m 
PQ  vo  c-—  OJ  co 


O 
r— I 


CV! 

00 

OJ 


rlH  IA 

H  CO  CM 
OO 


4-  CO 

OJ  o  OJ  o\  m  VO  CO  CO  LTV 

Scot—  -4  CO  i — |  [■—  co  4- 

00-4  OrHOHLf\HOH  00 
4- LfN  CM  OV  O  OV  ltn  CO  -4  CO  ON 

-4  OJ  OJ  VO  -4  OJ  co  o  H  O  -4 

-4  CO  i — |  i — |  i — |  _4  r— $ 


00 
to 
PQ  tr\' 
ON  i — 1 

on 

OJ 


t"- 

O 

LfN 

vo 

LfN 

1 — 1 

IT\ 

OJ 

co 

LfN 

CO 

cvl 

LfN  4- 

LfN 

CO 

LT\ 

co 

-3* 

rH 

4- 

CO 

4- 

o 

1 - 1 

CO 

co 

LfN 

co 

OJ 

co 

4" 

CO 

1 — 1 

LT\  00 

LT\  LfN  O  4-VO  00 

vo  co  co  oj  vo  ir\ 

W  VO  OJ  4  (O  Q  OJ  O  ON 

OJ  OJ  o  tr\ oo  Onc35  On 

4  OJ  OJ  OJ  O  CO  O  4 

x— I  rH  -4  rH 


LTN 


i — ! 


CV] 

O 

o 

OJ 

LfN 

CM 

CO 

J—J 

vo 

OJ 

ON 

14- 

On 

co 

CO 

LfN  O 

4- 

OJ 

CO 

OJ 

LTN 

4- 

on 

<— 1 

OJ 

O 

0J 

CO 

-4 

1 — 1 

CO 

ON 

rH 

ON 

rH 

OJ 

OJ 

-4 

OJ 

rH 

ON  co 
ION  ON  VO  VO  OJ  LfN 

o  COVO  co  H  O 

4-4  CO  O  00  ON  OJ  0\ 
L~-  LTN  OJ  4-  [—  CO  4- 


UN  oo  OJ  OJ 
I— I  rH 


o  4-  o 

-4 


o 

o 

LTN 

rH 


0 

I 

•H 

d 

o 

o 


H 

M 

M 

> 


-4 


On  VO 
LTN  VO 
-4-4-4 
4-  VO 

•  • 

-3"  rH 

OJ 


a. 


LTN 

-4 
-4  co 

H  t/N 


COON 

OJ 


LTN  OJ  o  4“ 

4-  -4  OJ  CO 

CO  4—  COVO  -4  00 

t" —  i — I  i — I  o 


o 

I — I 


co 

OJ 


coco 

OJ 


OJ 


& 


O  H  OJ  -4 
t—  oj  oo  -4.  on 


ON  COVO 


LTN  ITN  rH 


4" 

OJ 


CO  ON 
OJ 


VO  IAH 
ON -4  LfN 
vo  co  co 
LTN  VO 


rH 

rH 


ON  H 
OJ  H 


to  t— CO 
vo  CO  OJ 

rH  CO  OO 
14-  O  VO 

•  •  • 

LfNCO  IN- 
CO  OJ 


ON  ON 
OJ  CO 


VO  ON  IN- 
CO  OJ 


OJ  OJ  o  COCO  i — I 

14-  IN-  O  VO  -4  -4 

P  to  VO  ON  OJ  t —  i— 1  C — 
OJ  O  rH  00  t" —  rH  C 

IN—  LfN  OJ  OJ  O  rj  O 
rH  H  LfN 


4-  -4 

CO  co  LfN  VO  O  co 
vo  O  vo  O  rH  O 
b  LfMJNO  COVO  OJ  VO 
OJ  ON  co  o  4— -4  4- 


itn  CV] 
H  H 


OJ 


OO  O  -4  O 

LfN 


W 


OJ  o 

O  rH  4-  OJ  LfN 
4-  LfN  o  OJ  rH 

ON  rH  4-  ON  LfN  rH  LTV 

o  VO  -4  OJ  I — VO  4- 


cd 


4--4  OJ  CO  O  VO  O 
i — I  rH  tfN 


CO 

o 

LfN 

rH 


4 

o 

o 

rH 


-4 

00 

ON 


4  PO  ^ 

-4  i — 1  i — 1  -4  ON 
-4  CM  H  4- 

O  O  O 
-4  VO  CO 
-4  ON-4 

O  4-  OJ 

OJ 

rH 

<-4 

O 

CO  4- 

OCMHCO  H 

O  H  CO  O  O 

ON  LT\  rH  4-  ON  4 

OJ  4-  C—  4- -4  4- 

ON 

4- 

LTN  H  CO  ON 

OJ  CM 

14-  ON  4- 
CO  CM 

vo 

rH 

CO  CM  CO  o  ON  o 

H  tfN 

ON 

CO 


CQ 


CO 


CO 


d 
0 
> 
•H 
0 
O 
0 
K 
d 

0  <4-1 

s>  o 

H 

O  0  W 

cd  O  co 

!h  0  J 


d 

o 

•H 

P 


CO 


CO 


u 

0  d 
p  0' 


CO 


p  w 

S  Sa 

COWK 

d  P  P  P 
0  o  o  o 


p 
P  to 
O  to 
-P  cd 
CO  S 


CO 

CO 

cd 

S 


CO 

CO 

cd 

2 


CO 


0 


p 

+ 

d 

o 

•H 
p  • 
0 


d 
o 

•H 
p 

gag 

p  p  p 
p  p  p 

O  O  O 

WWW 
W  W  CO 

cd  cd  cd 
S  2  2 


0 

rb 

p 


CO 

-f* 


w 


0  0 
d  r>S 

0  p  p 

-p 

0  p  p 
goo 
o 

d  to  w 
o  w  w 
In  cd  cd 

Pils 


P 

O  to 

o  £ 

vo  65 

'■P  w 

Cd  P 

o 

0  Q  ( 
H  VO  p 
P  O 
g  -P  O 
cd  VO 


CD 


CO 


O 

-p  -p 


•H 

£ 

u 


p 

P  ;so 
0*0 
>vo  o 

w  . 

co  p  H 
cd  •  O  P 
S  2  w  5J 


cd 

P 

•H 

W 

d 

0 

Q 


w 


d 

o 

•H 

P 

0 

cd 

d 

P 

P 

o 

0 


rH 

o 

> 


d 

0 

> 

•H 

0 

O 

0 

P5 


a 

p 


+  Stopper  +  Hanger 


/■It 

r<>  I.  O.'I'JrJ 

-  :  CO  • 

■  1  -•  •  :  cr- 

•i  .  C  r  1  n  j  ,  U 

!  ro  to  .  c  > 

to 

-  J 

1  o 

05 

«  8 

!— » 

l  • . 

c  o 

to  -0 

(V  (- 

1.0 

• 

« 

* 

. 

« 

• 

• 

1 — » 

'.0 

r  *■> 

t  •/ 

ro 

to 

0  . 

Ol' 

I  OC1 

C 

: ;  /  • 

/  u 

00  to 

(  ■> 

c  > 

tv  t  .  ,  ■ 

(  O 

r  / 

c  ' .  ; 

/  (  ; 

/  u  O'er 

to 

—  J 

!•  .  T-- 

« 

*»  •*  * 

« 

mm  m 

C.  CO 

o  to 

w  V 

to 

t  o  i  O  /u 

ro 

CO  |-i 

1 

■  >  -  • 

c  o 

rn 

f  .  to  /~J 

,  ->  to  C: ' 

to  / 

C  .  •  M 

/V  to  <1 

to  -t.  <  r\ j  :  > 

— -J  C  O 

-  j  to  rv  -  ■ 

•  to  o 

0  hC) 

rx  i 

to  to  C  >  r  ; 

/O  ro  • 

H  t-, 

:  v 

^  1 

t  •  -  C  lO 
C  •  — J 

to 

}  m 

CV 

O'  /X> 

-  : 

/■;  -i. . 

o> 

t  *  / 

-  ! 

to  /  •;  c  ' 

C  ;  C  O 

C  ' 

l  /  -  . 

4- 

_  \ 
w 

t; 

H 

-  .  • 

* 

•  « 

• 

*  • 

•  * 

to  to  ^  • 

or  r 

rv 

H 

10 

(  o' 

O  QV  CO  ..  .. 

:  '  .  ■ 

lo  m  no 

c  o 

-V 

CO  to 

C.  '  ■  ' . 

(  o  . 

■0  'co-  ; 

_  . 

—  1C  CO  / :  10 

o 

b  co  to  to  Aj 

ro 

H 

i-i 

t 

to  ro 

C  C  '  CO  ' 

C  ' 

F  i 

'  ;  ’  - 

-j 

C  ' 

CV  c 

rn  to  Q> 

10 

/u 

/b 

r> ' 

to 

o-  -  j 
■  •  . 

-  -J  .V- 

(  'i  . 

to  ro 

to 

1-1 

L 


- 

b  .  r  t  10  C  tO 
o  (  i  o  :• 
t ..  -  h  nl  ro  •fc 

- 1  ;  .--j  — j  to  o 

•  «  V  <  «  «  n 

Co  .  ,  O  Co  tO  <  0  CV 


*  «  * 

— 'J  /Q  —| 

16  ro 


■/  to  ro 

.  Erte*  fc 


f  *» 

V 

* . 

/^**N 

■V _ ✓ 

v. — ^ 

ro 

b  i 

:• 

z'  N 

:a 

V  V  ^  > 

*.  . 

C-b  M 

r'  •+ 

iA 

•  . 

a 

I-? 

]  ^ ^ 

o 

— ' 

l-v 

•  » 

to 

> _ . 

"  C /  H 

V _ ✓ 

c>. 

' — 

H* 

• 

* 

c? 

o 

r+  r> 

o 

it 

O 

t>:  K- 

Cf 

V  P  hi 

hj 

C  hi 
•  (U 

• 

■  • 

c '  ; 

.  ro  .j 

b 

<•) 

CJ 

L  ) 

•  }  j 

.  J 

,i 

»-  » 

/*  N 

H* 

r  . 


A- 30 


co  CO  O  H 
CO  VO  CM  CM 

4-PQ  on,4  00,4  f- 
00  4-  H  CM  H  H 


4- 

CM 


CO  CM 
CO 


VO  r-j  LA 
_4  CM  CM 
CM  4-  UA 
00  H  VO 


UA  CM  CO 
-4-  CO  H 


CM 

UA  CO  CM  00  00 
VO  CO  CO  4-<X> 
O  rH  O  H  UA  H 
o\o  on  ua  co 


CO 


V0  4  CM  COO  H  O 
i — 1  i~ I  -4 


on 

VO 

vo 


CO  VO  o  CA 

CO  ,4  CM  CA 

VO  PQ  00  CO  CO.4  LfA 
4-0  t — I  -4  H  VO 


CA 

CM 


H  CO  CO 
CO 


CM  CA  CO 
VO  OWO 
-4"  UACO 
VO  V0  CA 

•  •  « 

UACOH 
4  COrl 


PH  VO 
CM 


4-  UA  CM 
CO  COLA 
'  ‘  CM  _4 
CM  O 


rH 


CM 

A-  LfA 
CM  4- 
CO  O 
UACO 


UA 

4— 

vo 
CO  o 
4- <35 


CM  CM  CM  O  CO  O 
rH  -4 


vo 

oo 

~=3r 

rH 


CA 

-4 

UA  pq  VO 
VO  O 

CA 

CM 


LAQ4 
CO  CM  O 
CM  -4”  -4"  UA 
i  I  i  I  i  1  CO 


rH 


CO  CO 
CO 


C04  CA 
CO  o  CM 
O  UA  UA 
ON  CO  UA 

•  •  • 

-4  CO  H 
4  fOrl 


O  CA  H  VO  -4 
H  CO  t— CO  H 
14  4  CO  o  CO  On  00 


4-  UA 


rH 

b- 

O 

ON 


14-  4-  CM  4- 


UA  CO  OJ  CM  O  14-  O 
i — I  i — I  -4 


VO 

-4 

rH 


T) 

CD 

B 

•H 

p 

pj 

o 

o 


H 

M 

M 

> 


a 


oo 
pq  cm 

UA  H 


CA 

CM 


CA  O  VO 
t4-  CM  CO 
-4  4- 

rH  00 

CO  CO 
CO 


8 


4-  00 

UA  VO 
CO  pq  CA  O 

4  LA  H  4  rH 


UA 

-4 

cd 


CM 


CM 


CO  CM 
CO 


VO  O  CO 
VO  CM  UA 
CM  pq  CA  CA  O  -4  -4 
CO  CO  -4  rH  CA 


CM 


H  CO 


$ 


VO 


-4 


CA  CM  4- 
co  co 


UACO  4“ 
(—)  UA  UA 
OJ  4  4- 
-4  ON -4 


ON  H 
CO  CO 


4“ 


-4  CA 

rH  VO  UA  CO  CM  vo  co  4-  CA 

00  CO  CA  co  4— V0  VO  Q  CA 

4-  4-  ON  Q  4- VO  p  CM  (35  -4  14- 
COCO  -4  CM  O  CM  00  4-4-4- 

•  •  •  ••••«•• 

UA  CO  H  4-  UA  CM  CM  O  CA  O 

-4  CO  H  H  H  -4 


00 

-4 

VO  UA  rH 

H  COCO  VO  4- 

O 

O  -4  VO 

.4  o  co  o  vo 

vo 

.14- H  ua 

Ho  4-  LA  CM  CO  VO  -4  VO 

K 


0J  ON  co  0  4-0  4- 


UA  CM 
rH  rH 


CM  co  o 


oo  O 

UA 


-4  0-4-4 
CM  4-  UA  O 
O  H  00  ' 
HVQ4 


a 


UA  CO 
CO  VO 
UA  -4 
UA  CO  UA 

4- co  4- 


4- -4  CM  CO  O  UA  O 
H  H  UA 


-4 

rH 


co 

IN¬ 

CA 


ON 

CA 


CA 


4- 


4- 

CO 

O 

UA 

O 

UN  UA 

-4 

o 

-4 

-4 

4- 

O 

co 

OO 

CM 

CA 

o 

ON  O 

„  ON 

o 

ON 

CO 

UN 

UA 

h  pq 

4  Od  4 

-4 

CM 

4- 

CM  -4 

<1  UA 

on 

VO 

rH 

-4 

004 

CM 

4- 

CM 

rH 

rH 

3d- 

H  OO 

o 

CM 

4- 

4- 

4- 

CM 

4- 

4- 

CO 

CM 

ON 

CM  4- 

vo 

CO 

CM 

CO 

O 

00 

O 

CM 

CO 

CO 

CO 

rH 

rH 

UA 

LA 

oo 

CA 


co 


co 


U 

<D 
> 
•H 
CD 
O 
<D 

(D  'H 
>  O 
■H 

y  (D  CO 

cd  o  co 
Pi  <D  cd 
Ph  ps  2 


Pi 

o 

•H 

p 


CO 


CO  • 


U 

b  Pi 

pH  <D 
PH  SD 

O  s 
p  cd 


co 


U 

(D 


O  O 


PH  00 
CO 


$ 

CO 


PP 


Pi 

O 

•H 


CO 


CO 


Pi 

O 

•H 


CO 


CD 

rH 

& 


CO 
+  • 


co 


CO 


o  CO 

o  a 
vo  Q 

'  p^ 
cd  Fn 
O 

CD  O 


i 

f1 

y 

■r 

y 

• 

. 

1 — 1 

s 

cd 

Pi 

s 

cd 

Pi 

Pi 

y 

>s 

y 

1 

CO 

PP 

F=h 

PP 

Ph 

<D 

Ph 

Ph 

<H 

<h 

«*-* 

oh 

(D 

<h 

<H 

Ph 

o 

o 

o 

O 

g 

o 

o 

o 

CO 

co 

co 

co 

Pi 

CO 

CO 

CO 

CQ 

(0 

co 

CO 

o 

CO 

CO 

co 

cd 

cd 

cd 

cd 

i>> 

cd 

cd 

cd 

s 

S 

S 

Ph 

M 

*5* 

f—i 

S 

Ph 
o 

p  o 
cd  vo 


•  Ph 

•  o 

>  vo 


CO 


o  o 

p  p 

•rH 
§ 


cd 


‘  •  P 
S  co 


Pi  P 
P  -H 
CO 
Pi 
CD 
Q 


M 

2j 


CO 


PS 

O 

•rH 

p 

o 

cd 

Pi 

Ph 

4h 

O 

CD 


O 

> 


+ 

Pi 

(D 

•H 

CD 

CO 

<D 

Pi 


PP 

* 


Stopper  +  Hanger 


c/ 

C' 


ro 


!-0 


O  '  O  Cr> 

. 


LO 

( 

m 

ru 

i 

Cl' 

ro 

(  , 

(  ■! 

(  / 

Lo 

0' 

i  1  / 

Hi 

:  ,  o 

/'.i 

ro  -i_ 

/( 

O' 

■  . 

cv 

ro 

to 

(  o 

-'j 

1 

)■ , 

Co 

•fc- 

t  ■/ 

CV 


/v  -  ;  LO  cu  -  j 
rv  -  10  /  '■  Co  C 

v  <  -  . ■ (  ;  :  l;  (V  M 

rn  c  lo  LO  to 


CO  ^  l.-J 

Q-VC  (V 

co  c  • 

it  b  m 

i  t  ■>  1-. 


CO  Q  C  CO 

Co 

)  .  '<  CO  0‘.  0 J 

- 

(  I  CO  !  I  / o 

f  o  I  o 


t  0/  !  .  /O  Q  •  2  0 

-  j  (  o  H-  to 

-10  -  -  1  LOO'-.  /.’I  o  " 

#«>«•«•  tt  ♦  • 

c  - to  lo  ro  aj  m 

'  •  CO  ir , 


•fc .  o  AU  CO 
m  h  H  ’ 


(  ■;  i 

r  o 


-  '  .  .  V 

' 


,'V 


~  J  /  c 

/.•  /"(-j/  r 

-  ■  Co  -fc  !  O' a.  -  1 

...  -  .  ■  • 


:  >,  l)  ( o  ■  ' 


/"J  01)  O 

.  5  • 

*  i»  • 

■ 

CO  f  o 


/•  Q  O')  — J 

.  lOCo  fo 

■  ' 


!  -  (  ■ , 
('O 


LO 


i  !• 

o 


!  •• 


l  - 


r  ' 


^  *v 


i :  r  - 


1*5  C  '  l 


c  (•  V 


( ■ 


(.  I  >• 


r+  <  ••  £ '  b  ■ 

- 

.  ,  •  o  i  ■  i  >  i :  ' 1 

r:-  .  v  • 

v  ■  O'; 

.  cm  <  ■  .  -  : : 

o  »  .)  >0 

J  K  »—»  t  »  I*  »  *  t 


'■»  « 


ro  w  u 
!  .•  &  '  • 
O  V 

:  ?  h»  j  ' 


. 


- » 


■  > 


!  • 
O 


i  :  ‘  i  ?  !•■?  ;  •  ? 


>  :  \  :  .)  u 

;j  l:  '-’r  r, 


O 


/  y 


-  ;  C  ,  O  '  to  C 
/  c  c  '  c  :  (<• 

-  -  lo  V  C  '- 

to.  lo 

*  C.  I-  LO  ‘  -J 
H  H 


-.■a  r 6 

•  «  M 

f  O  ('.! 

•  -.co 


C'  O  At. 

k  c ' : 

•  «  • 

r O  Co  I  t 

<  o 


.  J 


1  • 


c.i 


-  :  c  -  o 
<  -  O'  c;  f  o  o  -t 
co  r  >  •:  cot  ■;  •  o  -A!  -  c> 
- 

/O  C  c o  c  c o  LO  to  /'  • 


»  .  r  ' 
<  ' 

<»  ♦  * 

-  -  LO  CO 
CO  f  • ; 


•  ' 

'  t  1-  ■  t 

1  I  t-  f  * 


to  Co  ; 
CO 


— - 


CO  /  : 

C'  CO  t.t.O  ti. 
.vc  Ac  -  :  j 
H  r  n>  /  u  /  1  . 

;  —  l  to  C  ' :  , 

,V-  /i-  .  co  to  •  ; 


t-  -» 

»  * 

- 


CO  f  ^ 


C  O  cc 


.  ■ .  .  for. 


r  o 


<  1 1 


o 


A-31 


vo 


CO 
CO 
PQ  CO 

4-  o 

ON 

OJ 


vo  o 

_4  CVJ 
CO  CO -4 

rH  -4"  I — I 


On 

On 

U"\ 

VO 


CO  CO 
CO 


O  0\H 
CO  ON  CO 

uo  uo  on 
On  vo  CM 

ir\  CO  CVJ 
4  OH 


4 


CVJ 

to 


4-  CO  cooo  CVJ  H 
y  OJ  CO  CT\C0  CVJ  00  CVJ  vo 

CO  uo  CM  4-cO  uocO  On 

UO  CO  CM  CM  O  O  O  -4 

I — I  l — I  -4"  r— I 


CO  ICO  o  -4 
_4  CO  CM  O 
UO  pq  vo  CM  -4  -4  ICO 
VO  O  i — I  i — I  i — 1  CO 


i — I 


CO  CO 
CO 


4>-4  H 
CO  O  CO 

co  uocO 

CO  CO  CO 

Go  CO  uo 
4  OH 


uo  4- 

vo  CJ  -4  <0,4-  VO 

O  14-  CO  VO  H  O 

PVOVOGOCMHCOH 
CO  O  CM  OD  CO  00  CO 


14-  uo  CM  CM 

iH  H 


O  CM 
-4 


CM 

14- 

GO 

rH 


14-  GO  O  VO 

CO  14-  CM  CO 

4  W  CVJ  H  O  4  4- 

LCO  H  H  VO  H  co 


Gn 

CVJ 


H  CO  CO 
CO 


CM  VO  VO 
CO  CO  GN 
-4  4- VO 
UOCO  VO 


I — 1 

-4 


CO  4- 

co 


UO  CO 
H  COCO  vo  4-  GN 

CO  O  OJ  O  OJ  H 

I-DCO  UOCOCOO  4-0 
CO  On -4  O  CO  4-C0 


uo  CM 

r— 1  i H 


CM 


CO  O  -4 
-4 


vo 

uo 

GO 


CD 

H 

•H 

-p 

CJ 

o 

o 


M 

H 

H 

> 


0 

<i 

Eh 


4-  CO  O  LTV 

uo  vo  CM  .4 

CO  pq  GO  O  4— - 
-4  LfO  h  -4 


"cd 


4- 

CM 


! — I 


CO  CM 
CO 


(O  UOCO 
00-4  -4 

dS  cd  vo 

00  CM  4— 
CO  CO 


w 


o 

uo  O  uo-4-  CM 
O  4-  CO  O  CO 
r^j  rH  GO  QO  CO 


-4 
-4 
4- 
CM  CO 
VO  UO  CM  4-  O  14- 


14- -4 
I — 1  rH 


CM 


co  o  oo 
-4 


4— 

co 


CM 


£r 


-4 


o 

00 


VO 

CM 

CM 

VO 

O  co 

O  CO  CM 

-4  CO  H  CO  CM 

uo 

4- 

VO 

CM  uo 

4-  UO  rH 

-4  (O  rH  4-  CO 

CM 

CM  pq  GO  GO  O  -4  -4 

CO  ,4  ON 

O  uoo  UOUO4-0N4- 

O 

CO  CO 

-4 

rH  GO 

-4  On  it 

4-  O  4-  uo  4—-4 

4- 

4- 

t”— 

H 

CO  H 

OVri  4- 

vo  ,4  cm  co  o  r—i 

O 

ON 

CM 

CO 

CO  CO 

i — 1  rH  UO 

co  o 

UO 

H  UOVO 

ON  O  On -4  CM  uo 

CO  CM 

GN 

UO  ON  uo 

vo 

o  vo 

(OH  O 

-4  -4 

CM 

4-  OJ  -4 

rH 

ON  CJ 

H  VO  4- VO 

ON 

CM  rH 

rH 

uo  (— |  -4 

H 

CM  CO 

4-  4-  CO  4- 

4- 

rH  CO  CM 

ON  CM  4- 

VO 

CO  CM 

004  0 

ON 

co 

CO  CO 

rH 

i — i 

UO 

g 


g 


g 


U 
CD 

t> 

•H 
<D 
O 
G 

G  <hh 

t>  o 

•H 

bow 

d  o  to 

In  I)  tj 

Ph  pq  S 


CJ 

o 

•H 

-p 


ta 


g 

Sr 


Ci 

CD 

PH 


(0 


U 

.  CD' 

Ph  bp 
O  CJ 
-p  d 
co  tu  pq 

P  cp  ch  *HH 
CD  O  O  O 


PU 

Pr  G 


O 

-P 

CQ 


G 


g 

ca 

d 

a 


to 

ca 


pq 


ca 


C!  g  CJ 
O  £  O 
•H  CJ  *,H 
-P-— '  -P 
O  O 

d  pq  d 

u  m  u 

Ph  pq  Ph 

tH  <H  <H 

o  o  o 

ca  ca  ca 
ca  ca  ca 
d  d  d 

V— «  *r-H 


CD 


O 
i — I 
|i 

CD 


ca 


o 

U  J>3 
<D  Ph 


PH 

O  to 
O  6 
VO  8) 

•P 

d  Ph 

O 

G  O 
i — !  vo  Ph 
Ph  o 
S  -p  O 
d  vo 


G 


-p 

I 

CJ 

o 

t>3 

Ph 


CJ  _ 

rO>  63 

Ph  CO 


Ph 


<+h  ch  ISO 
O  O  *  O 
>  VO 


G 

G 

03 

S 


G 
g  pq 


O 

a  w 


fi, 

o  o 
o 

S  d 

> 

d  >3 

U  -P 
O  -H 
G 

h  p 

Ph  G 
<  O 


G 


CJ 

O 

•H 

-P 

O 

d 

Ch 

Ph 

fH 

O 

G 


rH 

O 

> 


u 

G 

> 

•H 

G 

O 

G 

pq 


pq 

* 


Stopper  -!-  Hanger 


<  o  Q'i  ro  O 
l'  croio-i 
■:  •'  ,v  t  '■  10  M 

'  '  i- 

( '0  ,  -  r 

l  -  r  V 

• 

1  j  IO  ro  A! 

J“.  hi 

•  •  « 

i.  ro  /  ■ 

rc 

AD 


.DC  <  •- 

.  .  10  •.  <  - 

r  X  (■  :  n  a' 

CV  h  "fc,  h  O  —1 


ro  ro 


c> 

.ro  -i 

IO  C  ' 

o.o  o 

c  10 

ro 

10 

c  ■  (V  p 

v  ■  ro 

V .  C  '  ‘ 

o  ro 

a  ro  no 

h  C  O' 

•  •  * 

•  • 

* 

• 

A!  - 

*  .  i  '  i  ,  .  ' 

ro  ro 

U 

hfO 

ro 

-  ,  0'  <  >  : 
i .  pi. 

,  i  /” 


C-'  , ' 


C  hi  O'  h  h  AJ 


r  o 

» 

h 

i 

A  < 

/Oi 

1  3 

»  '  * 

. 

ro  :• 


10 


o  r  -  1/3  :  - 


(  ■;  ro 


' 

—•"1  v  1  A 1  1 

-t-  h  r 

io  t* . 

1  0 

ro 


■  ro  qj  q  o'  , 


G^r-'  h 
A)  ,  /v 


A.  IO  r  •'  r' 


-II.' 


(  ro 


i/O  ro 


fi 


/■  N 


cu 


/•  N 

Cl] 


h  C 


;  1 

U>  0 


(D 


A 

!i 

# 

H* 

h 

' 

1  1 

- 

OJ 

l) 

CO 

.3 

- 

*  h  % 

•  i 

•  i 

i.  *■« 

K  1 

iJ 

« 

*  . 

C;. 

•» 

.  •  r 

ro 

-  ■  i  , 

A) 

l/j 

0 ;  -  : 

a.  i- 

ro 

•  -  /  o  _  r  io 

h 

i 

ro  if: 

G' 

«  « 

<  . 

(  . 

ro 

ro 

•  * 

K3 


c  |. 


CO 

I 

pq 


cd 


o 

4-  4-  O  -4  0-4 
CO  CO  4-  lcn  ON  H 


OJ  CV1  VO 
CO  CO  VO 

iH  i — 1 


LCn  O 
CVJ 


CO 

8 


X 

H 


P 


o 

p 


Ph 

o 

OJ 

o 

o 

s 

& 

p 


w 

o 

o 


H 


M 

P 

P 

& 

PS 


o 

p 

p 


4- 


t— 

14-  O 

OJ  LTN 

H  CO  CO-4  H 

co  vo  On  On  co 


H  O 

co  co 


lcn  i — |  on  CJ  oo  i — i  o  -4 

CJ  CO  H  O  4- -4  CVJ 


-4  -4 


VO 


OJ 


CO 

CO 

t~— VQ  O 

OJ  ON  ltn 


co 

co 


CO 

4- 

CO 

OJ  CO  VO  4- 

4-  4-  co  o 


On 

VO 

ON 

OJ 


VO 
VO  VO 
CO  CO 


LCN  f —  ON  C~ —  O  ON  VO 
H  i — I  4- -4  H  CJ 
OJ 


LTN 


-4 

VO 

CO  ON  CO 
4- VO  CO 


-4 

-4 


CO 

LTN 

CO 

VO 

t— 


o 

LTN 


ON 

OJ 

co 

CVJ 


CVJ 

cocJ,H 


OJ  .4 
COCO 
OJ 


OJ  o 

LfN 


On  O 

H  OJ 


OJ 

4- 

s 


O  co 

LCN  OJ 


00 

I — I 

OJ  UN  ON  OJ 
LCN  4“  VO  H 


i — I 
00 

• 

4- 

i — 1 


O  ltn -4  tr~-  O  vq  o  On  lcn 
4-  4-  rH  -4  ON  lo  H  rl 
OJ  CV1  OJ 


CO 


CO 

4- 

O  rH 
LCN  O 


OJ 

o 


LTN 

cvj 

-4 

co  co  OJ 

O  4-  OJ 


CVJ 

-4 

cvj 

rH 


-4  00 
CO  CO 
cvj  cvj 


4-  LTN  CO  H 
LCN  ON  VO 
CJ 


o 

I — I 


CJ 
f — 

ON 


OJ 


co 

8 


LTN 
VO 
t- — 

OJ  O  co  H  0NC0 

00  ltn_4  4- -4  ON 


0 

0 

0 

LTN 

d 

CO 

V 

• 

CO 

1 — 1 

pjQ 

n 

CO  CJ  vo 

a 

CO 

p 

0  d 

pq 

CO 

0 

CJ  CJ 

VO  ON  VO 
CJ 


-4 

CO  t— 

CO  LTN 

CO  CO  LCN 

LTN  4-  iH  4-  ON  LTN  o 
H  ON  rl  CO  VO  CJ  LfN 


.4  CO  4-00  CO  O  O  O 
CO  CO  VO  ON  14-  <H 
rH  rH  CJ 


-4 


O 

CJ 


o 


CO 

rH 

O  CO  UN 

00  co 


ON  CO 
00 

• 

I — I 


p  p 

pq  pq 

IH  JH 


0) 

bO 

U 

d 

A 

o 


LTN  LTN  O 
rlHO 

•  •  • 

-4-4  0 
4-4-0 
CJ  CJ  H 


CO 
4- 
VO 
LfN  _4 
-4  CO 
•  • 
LTN  O 
CO 


41 

CO 

CJ 

co 


d 

d 

•H 


O 

o 

d 

0 

u 

0 

<H 

P 

•H 

fd 

X 

P 

fd 

8 

•H 

d 

-P 

P 

o 


d 

o 

•H 

-P 

O 

d 

d 

P 


0 

£ 

$ 

■P 

S 


<r) 

0 

rH 

rH 

•H 

*P 

0 

•H 

P 


0 

0 

•H 

bO 

-P 

d 

0 

d 

d 

> 

1 — 1 

P 

•H 

1 — 1 

O 

-P 

•H 

d 

•P 

II 

1 — 1 

0 

d 

•H 

• 

P 

-P 

0 

g 

II 

•H 

P 

II 

0 

• 

• 

s 

bD 

jq 

pq 

O 

O 

-P 
d 
•H 
O 
P 

w 

d 

•H 

H  0 


a 

3 


U  co 
d  0 
-p  u 
d  d 
d  -P 
„  0  d 
•H  P  d 
-P  g  0 
•H  0  p 
d  fH 
M 

II 
II 


£ 

0 

P> 


PSP 

P  0  CO 
Hfl> 


corrected  to  760  ram  Hg  by  Sydney  Young  equation  (4). 


u 


( o  /  1 


f  ■  >  ( •> 


i .  C '  -  )  f 


-  t 


C' 


r  ». 


o  to  <  >  -  to  ' 

l/J  - .  . 

< 


ct> 


f  ■; 


O  •  P'J  -  - 

f  v)  <  (  ■>  <  •> 


/■  J 

ov  • 

1  /O'  /O.I 

C  ’ 

ro 

• 

«  I*>  • 

■  ;•  —  j  ; 

/.  tv 

r  /  r  ' 

.  •: 

•  J 

* 

(  0 

1  • 

C> 

—  J 

—^3 

* 

Co 

c  •_ 

ro 

C' 

O' 

Uj  ■  tv  Vj 


C‘> 


9  « 

'  -  j 

/■>  / 


(  •  Q 


V-H  I-' 


■» 


-  j, 


f  j. 


’  • 

Cl. 

t> 


q 

f  i 

.  j 


t  ? 

c 

a 


■ 


* 

..j 


’f 


0  ' 


I  ’ 


C 


.  i  :  •  .  !- 

•  • 


Hi  I  . 


)  V 


* 


VO 

-4 


CO 

I 


CO 

on 

o 

COCOCO  O  O-d- 
cm  oj  on  un  on  on 

H  rH  t^lAO  H 

CO  oo  VO  oj  o 

i — I  i — I  CVJ 


OJ 

CO  LTV 

Lf\  VO 

O  0NO4  OJ  CO  OJ 
O  OJ  t'~  ir\  cO  LON  VO 

c—  ••*•••• 

LON  rH  t— 00  CO  GV  O  O  OJ 
oj  ooh  OM>-on  cvi  on 
-4-4  H 


VO 


i — I 

Ov 

on  oj  OJ 
Ov  OJ  vo 


IN— 

OJ 

o 

ion  O  OJ  O 

h  co  o\  on 


on  ir\ 
C— CO  H 
on  on 


cd 


On  lon 
t— 


a 


onvo 

i — I  OJ 


-4 

on 


d 


p 

r — \ 

H 

CQ 

CD 

p£] 

3 

Oh 

a 

•H 

53 

-P 

o 

£ 

S3 

o 

o 

O 

V _ / 

M 

§ 

X 

\~Z 

M 

1= 

M 

P 

& 

CM 

X 

EH 

I 

a 

53 

w 


LT\ 


-4  O 
oj  on 
on  on 


c 

on 

l — 1 

on 

CVI 

vo 

vo 

LTNCO 

t—  H  ON  H  CO 

-4  vo 

on  o  t--4  on 

UN  ON 

LON  VO  O  ON  o 

1  i — |  CVI 

00-4  H  CVJ 

l  CVJ 

1 — I 

LON 

vo 

d- 

vo 

-4 

rH 

on 

on 

VO-4 

O  -4  CO  LON  on 

H  CO 

o  on  c~-  onvo 

i — 1  vo 

oo  CO 

OJ  OJ 


un_4 

rH  -4" 

OJ 


H  CO 
ON -4 


CN-4 
rH  rH 


8 


on 


co 

CVJ  CVJ 

h  vo  ir\  on  u-\  vo  o 

H  ON  VO  -4  t—  -4  O 


OJ 

CO 

• 

rH 

rH 


CT\ -4*  [■— H  on  VO  O  ONON 

on_4  lon  on  con 

CVJ  CM  OJ 


CVJ 


o 

CVJ 

OJ 


VO 

r—  on 

on  i — i 

< — 1  c—  ON  co  -4-  O  u-\ 
H  O  OJ  H  t — VO  on 
•  •••««« 
LON  c—  ON  VO  ON  O  ONVO 
CVJ  ION  ON  LON 
CVJ  OJ 


00 

VO 

tN- 


i — I 


VO 

c— 

LON  00.4  -4 
CO  ONCO  rH 


O 
CC> 

O  co  rH 

C- — vo  c— 


on 

o 

LON 


HVOVO  LfNCOCO  O  ONOn 
ON  ON  VO  ONVO 

rl  H  OJ 


CVJ 

i — ! 

04  tv 

o  o 

O  rH  rH 

P  £h 

pq  pq 

H  H 


VO 

rH 

• 

I — I 


-4 

-4 

OJ 


0) 

to 

Sh 

d 

P 

o 


LON  ION 

o  o 

ON  ON 

vo  vo 

CVJ  OJ 


o 

o 

® 

o 

o 

H 


C~— 

ON 

o 

cvj  ir\  c— 

voco  r4 

•  •  • 

-4  O  VO 

°° 


f 


(  ■ ) 

O' 

■  -  C  (  ■>  C  ■’ 


ro  (u 


O' 

C‘: 


c  > 


(  .  ir  ' 

r  •  <  <  .  - 


cy  ti 
10  '/) 


O  C'.  <  •'  -  ’  C  ' 

•  o'. i-  • 

«  «  *  •  ♦  « 

C  C  1*0  '  — '! 

,  •  '  /• 


f 


O' 


8 


- 


— j 

f  *, 


l/; 


r 


m  - 


C' 


. 


4-  cv 

% 

J 


r  ■  : 

c 1  /  v  r  '  c  ' 


c  •. 

O 

o  • 

■ 

<!-  fj 


CO  l  l 
v-j  in 


CO 

c+ 

r  ; 

r* 

r:- 

c 

:  • 

1.  h! 

C.’. 

«0 

r  ' 


i  c-r  r  ■ 

... 

. 

4  ■'  ■  c3 


)  :  • 

:  ;  .  {r 

o, 

•  f 


■  03  Ij 

f  T 


U  >  1 


r  jbt  &::r 1  r.  ■ 


ENGLER  TYPE  DISTILLATION  ON  RESIDUE  G 


I 


CTJ 

$ 

pq 


-4’ 

CTn 

Ov 

b-  b-  O\C0  Ov  H 
_4-  -4-  la  ir\  cO  co 

CO  CO  co  la  o  CO 
b-  b-VO  CVl  OV 
H  rl  t— ! 


b- 


o 

CO 

b—-4- 
H  VO 


LA  H 
OJ  CO 
-4" 


CO 

OJ 


CO 

co 

LA 
b-  H 
b—CO 


la  h 
H  -4- 


CO  H  co 
H  OV  VO 
rH 


rH 

-4 


o  vo  vo 

H  CO 


b- 

O 


VO 


CO 
CVJ 

b—  cvi  .4  h 

CO  co  On  b —  t 


i — I 

b- 

b— 


-4" 

CO 


CO  -4  la 
cO  On  H 
cO  co 


NCOIAO  ON 
O  b--4  H 
CVJ 


OJ 

c- 

& 


ON 

co 


ir\ 


00 

CVJ 

OJ  -4-  b- 
IA04 


b— 

vo 

00 

LA  b— -4  VO 
O  b-  OV  O 


O  vo 
CO  CO 
CO  CO 


IACOONO 
H  OJ  b-  LA 
OJ 


-4 


-4" 

OV 

b~  CVJ 

o\  o 


vo 


CO 

co 


co 

OJ 


owo 

r-i  CVJ 


LA  H 

b-  O 


8 

OJ 


H  -4-  CO  -4 
ON  H  COCO 
CVl  CVl 


-4-  O 

LA 


co 

tr\ 


O 

co 

co 

CVJ 


o 

I — 1 


O 

cvi 


b — 

CO 


co 


i — l 

-4 

ON  H 
ON  O 

O  LA  b-VO 
LA  LA  -4 
CVl  CVJ  CVl 


co 

LA  VO  -4  ON 
VO  -4-  b-VO 


b-  b-  O 
CO  LA 


b- 


O 

rH 


O 

CVl 

* 

LA 

rH 


CO 

t— 


CVJ 


-4" 

-4"  H 

O  ^ 

CO-4  VO  O  CO  b-  LA 
CO  (O  CVJ  CO  b-  OV  co 


CO 

rH 


o  lAb  CO  O  O  O  On  CVJ 
CO  CO  LA  OWO  rH 

CVJ  CVl  CVl 


LA 

O 


00 

CVJ 

_4  oo  vo 

CO  rH  O 


o 

co 

CO 

CVl  CO-4- 

b-cc  b- 


rH 

I — I 


O  la  b —  i — 1  CO  CO  O  O  Ov 


jd 


cd 


vo  owo 

CVJ 


I — I 


o 


Ov 

-4 

o  -4-  0V 

CO  CO  H 
rH  rH 


-4 

ON 

VO 


TO 

CO 


Pn  Ph 

pq  PQ 

H  H 


0 

to 

u 

cd 

O 


LA 

b- 

-4 

b-  b—  O  ONLAb- 
vo  vo  O  CO  CO  CO 


o  CO  o  co 


00  0(0 
CVJ  CVJ  H 


CJ 

ro 


Pn 

o 


to 

w 


0 


CQ 

Sf 


o- 

vo 

r-"  r- 
Ph  , 


CJ 

o 

•H 

+3 

o 

cd 

u 

pH 


S1  & 


CD 

FH 


0 

EH 


U 

I 
>  > 


CJ 

o 

•H 

-P 

O 

cd 

U 

PH 

o 

0 


&  2 
cd  cd 


0 
H 


0 


0  -p  — 

£  CJ 

-p  0  Ph 
PQ  OO  O 
U'-'O 
Ch  0  w  VO ' 
O  IH  >s 
-P  -P 
0  0  H  cd 
0  0  f>  .  - 
cd  cd  cd  A> 

s  g  u  -p 

^  O  -H 

.  .  0 

4  S  H  £ 

3  3  P4  0 
O  O  ^  O 


0  PH  PH 


cv 


(  •>  /  C  ' 

Cl  fO 


C) 


r>;  t  /  i  <.  c.  to 

. 

10  to  !  0 


-  C '  /  hw 
0  O'-  .  c '  <o  . 


t  •  o  o'-. 


Ci 


ro 


. 

«  •  « 


I/O  !  .  , 


O  O'  -t.i  - 

'  .  f  ij  (  ’> 

.  .  .  . 

C  - 

CV,  -  I  (> 


u 


o 


-•jr-v'V  v  C  O' 

■rt  - .  ;  v, 

/ ..  ,  c  <  ■■  (  ‘  '  -  ;  r.  o 
C'/O  C  ' 

( ‘i  to  to  lo 


u~ 


•  L 


I  > 


O  ' 


(  o  (- ,  to  to 


I  1 

!  ■ 


c  ■. 


i* 


• 

N _ X 

* 

J  . 

• 

• 

C 

*'? 

■ 

s _ _  r  •. 

O' 

j.  -''  — \  * 

:  •  t;- 

(1 

C.  's  -A 

/  j 

C' 

t-.’ 

o 

< , 

0  • 

* 

<  ( r  1. 

; ;  Ij  t  •  <j 

.  ,  :.j 

►  •  - 

O 


; : 


i?  r.  r'- 

J  .J  1-1 


.  l  ' 


ENGLER  TYPE  DISTILLATION  ON  RESIDUE  B 


ON 

vo 

ON 

cnrooooocM^- 

H  <H  E'-VO  CO  t— 


4  4  O  un  O 
ON  On  C—  CVJ 
H  H 


UN 

cd 


t- 


t— 

t—  CVJ 

co  vo 

CO  H  CO  00  H 
4  VO  CVJ  VO  CO 


On  £- 

OJ  CM 


ITN 

CM 
4  4 


H  CM  VO 
CO  H  O 
CM 


LTN  h 

t—4 


UN  ON 

H  CM 


VO 


4 

LTN 

- 4 

4 


vo 

o 


vo  rH  LTN  CM 
CO  ON  H  CM 
(O  CO  CM 


<H 

ON 


O 

o 

CO 


LTN  O 
4 


ON  CM 
CM 

•  « 

ON4 
i — I  CM 


O 

o 

c— 

CM 


LTN 


CO 

CM 

8 


t- 

4 

i — I 

vo  4  O  CO 
CM  4  4 


f-—  CM  l/N  f—VO  ON  O 
(04  H  COCO  4 
(0(0  CM 


IfN  ON 
O 

ON  ON 
rH  i — I 


ON 


vo 

I — I 

CO  -4 
t—  O 


(O 

CO 

CO 

CO  vo 

CM  H 

CO  o  vo  co  vo 

CO  CO  14  CO  UN 


H  VO  4 
ON  ON  H 
CM  CM 


CM 


H  CO  O 
LTN  ON  LTN 
CM 


ON  CO 

I — 1  I — 1 


CO 


CO 


CM  O 

ON  CM  rH 

LTN  ON 

4  ON  VO  O  UN  UN  4 
On  On  CO  [■ —  t~-  rH  H 

LTN  o  VO  CO  -4  -4  O  OncO 

4  UN  LTN  ON  UN, 

CM  CM  CM 


CM 


CO 

LTN  UN 

H  VO 

to- VO  vo  uo4  O  4 
CO  co  00  CO  to-  CM  VO 

00  CO  vo  UN  VO  (4  O  ON  UN 
(04  VO  ON  UN 
CM  CM  CM 


i — ! 

ON 

VO 


rH 


o 

t" — 
VO 
CO 

CM  VO  VO 

cd 


vo 

CO 
C" — 

CO  4  UN  UN 

b-cOH  f- 


ON 

CO 

• 

4 


4 
i — I 


cd 


CM  On  UN 
tN-  ON  UN 
CM 


O  ON  CO 


ON 

00 


4 
E — 

CO  CM  rH 
UN  VO 
rH  rH 

pq  pq 
pq  pq 

H  H 


CO 

vo 


<D 

tiO 

U 

cd 

A 

o 


t"—  in—  o 

4-4-0 


4  4 
4  4 
CM  CM 


CM 

4 

CO 

CM  UN  ON 
rH  CO  VO 

•  •  • 

CO  o  ON 


to 

O 


taO 

W 


CD 


CQ 


P3 

O 

•H 

-P 

O 

cd 

U 

fH 

•  O 

-P 

CQ  -P 


•H 

p 


CQ  -P  — ' 

I  g~  &, 

pq  uo  O 

O 

tH  (D  k 
O  to  >>  ,  W 

-t-5  -R  r— j 

(Q  (D  -H  t3  6 

CQ  CO  >  — ' 

cd  cd  cd  !>> 

O  *H 


£ 
H 
O 
•  to 
taO  ■B 
&  jH 
O  S 

P  -P 

O  Cd 

-P  -P 
S  id 
0)  <L> 
o  o 
u  u 

•  <D  (D 

PH  pq 

co  co 
■  co  (Q 
od  cd 


co  p 
H  p  rl 

Pq  O  O 

■3  P  > 


,  ■  o  > 


8'; 


•;  (  . 
ro  ro 


( 


O' 

(•  '  0  0  ' 

G  O'  1  C 

,  _  t  ■ 

(  ; 

^  Ai  1- 

to 

-  <  O'.-  r 

'  ,v 

.  .  .  -  .  .  .  r  . 

/  t  o  /■  /v  •  . 


•,  f.  C  ■  o 

f  '  10  -  j  .  ■  ( 

. 

/ 1-  .  ...  — .1  O'/',  c  '<  v  ; 

/fl  *5  O'  v-  ( o 

to  to 


(  o 

•  -  r  ’  rv  —  ro  r  ■ 

! — i  ■■  **  .  >  r/  -  ■ 


(  •')  O  /  v  .T/  10  O  ’  O'  10 
f't  'O  — 


hi 


r-j 

c  ’ 


- 


O'. 


ro  r  to 

O' 

*  •  * 

•» 

*  « 

/•  OO/ 

•tr-  I  ' 

(  0 

c.;. 

o 


r v 

o  • 

c  r 

f-h  t.j 

■  •  ■ 


t*i 


a 

CJ 

w 

CJ 

S. 

to 

• 

Cf 

<4- 

V. _ / 

.0 

■ 

a 

^  N 

o 

^  ' 

-  o 

r 

r1, 

w  «+ 

V  V 

•  c  ■ 

r 

.  . 

.  • 

• 

C  u 

C  •- 

V 

r; 

V-; 

a 

i  '  :  0 

*- 

«+ 

i-  i 

• 

1  . 

>4 

f4 

Of 

« 

• 

* 

• 

w  Q 

u 

O 

,J  in 

J 

cm 

CO 

o 


• 

w 

cl 

Q  Q  CO  co  o  vo 
CO  CO  O  -4  ON  CO 

i 

LfN  LfN  iH  LPv  O  t— 
ON  ON  t—  CM  i — | 

H  H  CM 

t- 


LfN 
00 

cO-4  t>-  o  _ 
on  H  .4-  O  CO  -4 


LT\ 

CV] 

-4  -4- 


OJ 

ITS 

On 

H  O 


H  ON  ir\-4 
00  O  t—-4- 
OJ 


H  O 


OJ 

ON 

00 

OJ 


CO 

OJ 


VO 


CO 
O 

i — I 

VO 

CO  LfN 
_  -  O  i— I 
00-4- 


ON 


On 

LTN 

VO 

LfN-4  vo  o 
D~  H  C" — 00 


88 

0J 


OO  o 

-4 


t— 

OJ 


LfN  CO 

co  ir\ 

ON  un 
H  OJ 


o 


rd 

<u 

H 

•H 

+3 

£ 

O 

O 


X 

H 


3 

9 

EH 


LT\ 


1 - 1 

t—  ON 

LTN  V0 

H  VO  -4  -4  CO  OWQ 
_4  H  C—  H  t—  UOCO 


0J 

OJ 


t—  0J 
LTN  V0 
co  co 


LTN VO  UNCO 
H  COCO  -4 
0J 


ON  ON 

rH  rH 


-4 


on 

LfN 

riC0  4 
[—00  -4 


OJ 


f-VO 
co 


VO 

o 

t— 

I — 1 


vo 

OJ 


o  tmAH  H  OJ  O  04 
H  H  H  IOON1A  OJ  i  ! 
co  co  oj 


co 


ON 

CO 

co  vo 
co  OJ 


OJ 

i — i 


LTN 

i — 1 

vo 

LfN  LTN  [—V£> 

-4  t— t-  ltn 


rH 

-4 

• 

i — I 
i — i 


[—  OJ  [—  On-4  un  O  ONCO 
VO  b-  LTN  ON  UN 
OJ  OJ  OJ 


OJ 


ON 

O  CO 

ON  O  ^ 

NO  CO  COVO  LT\  LTN  CO 

-4  ir-co  t—  c—  onco 

•  •••••• 

O  lcn  tr—  vo  vo  vo  O  On  LfN 

LTN  LTN  VO  ON  t-TN 

CM  CM  CM 


CM 

CM 

« 

C— 


I — I 


VO 

CO 

CM  VO  VO 
CU  ON-4 


CM 

-4 

i — I 

t— -4  un 
H  t-“  t— 


CO 

LfN 


c— 

I — I 


CO  [—  [—  CO  On  ON  O  ONCO 
CM  CM  [■ —  On  lcn  VO 

CM  CM  CM  CO 


O  -4 
vo  VO 
rH  iH 

P-< 

PQ  FQ 
M  H 


ON 

-4 

rH 


LfN 

o 


0 

5b 

u 

cd 

A 

o 


LfN  LTN 

-4  -4 


ON 

VO 

rH 

LfN  VO  VO 
LfN  CO  VO 


LTN  LTN  O  OJ  O  ON 
[—  tr—  O  CO  H 
CM  CM  H  CO 


fH 


'eP. 


CQ 


0 

ffl  oo  o 
U  W  o 
<+H  0  ^  vo 
O  IH  x  _ 
-P  -P 


ct3  d  o$  X 
2  S  H  -p 


— -j 

-  J 

r  ' 

C  1 ,  ) 

“ 

,  .*  " 

-  ‘ 

Hi 

i  W  ! 

(J 

* 

— -j 

r  , 

C  ' 

f-/ 

(  /  Co 

t  •> 

(V-'. 

o./ 

!«0  i 

k  »■' 

— 

(  ' 

* 

i  >  r ' 

(  '  O' 

■'  '  _  - 

r 

r  ' 

(  0 

—  C 

!  — . 

— 

«  J 

(  / 

r  *  j 

• 

r  \ 


>  i 


•  ■» 

h 


KJ 


O'  C  >.■ 

( 

O  /  '  r: 


o 

.J 


r  •, 


( 


I-  i 


n 


tf 

Cf 

0/ 

1  '  -  < 

<.  "■ - hi 

"•■N  C  ' 

.  . 

■  r  ..  c  •_ 

1  ' 

— 

.  J 

id  jj 

f  V  T 

• 

» 

. 

« 

o 

■  J 

1  '1 

ENGLER  TYPE  DISTILLATION  ON  RESIDUE  D 


CO 

I 


O 

H  H  ON  CO  O  VO 
H*  _t  O  -t-  ON  OJ 


CO  00  H 
On  On  N- 

I — I  C — I 


un  O 
CVJ 


a 

OJ 


t- 


vo 

o 

VO 

o 


in-  o 
It 


IN- 

It 

In- 
CO  H 
CO 


un  OJ  OC0  4-  H 
CM  CO  h  O  l—_t 
-t-  -4-  CM 


O 


CM  CO 
H  CM 


VO 


UN 


VO 

St 

On  un  OJ 
ON  O  H 
cop- 


co 


LTN  O  VO 
t~-  H  CO 


CM 
i — I 

VO 


i — I 
rH 

St 


CM 


On  CO  O 
tN--t 


co  o 

CM  CO 

LTN  LTN 
i — I  OJ 


LTN 

CO 

O 

tN-  ON  VO  ON  VO  O 
covo  co  t- —  in*  On 


O 

i — i 

CO 

CM 


rH  IN-  UN  VO  -M; 
vo  VO  H  COoO 
CO  CO  CM 


C—  O 


ON  O 
H  0J 


-t- 


O  VO 
CM  CM 
CO  CO 


VO 

o 

OJ  ON  UN_f 
UNCO  CM  H 

•  •  •  • 

UN  H  O  H 
H  LTN  ON  UN 
CM 


CM 

O 

-H- 

t—  UN 

IN-  o 


I — I 

H 

CO 

H 


O 


O 

CM 


& 

LTN 

rH 


CO 


0J 

CO 

CVI  CM 

O  On  H  -t-  VO  O 
£—  UN  O  ON  t—  H 

r-,VO  IN-  ON  co  CO  o  o 
N—  f —  UN  ON  UN  i — I 
CM  CM  CM 


CO 

UN 

CM 

i — I 


UN 

t— 

ON 


CM 


co 

CO  O 

LfN  VO 

VO  UN  VO  IN-  UN_t 
VO  CM  IN— -t  IN-  H 


£ 

CO 


ON 

ON 


CM 
UN  VO 
CM  CM 


N—  t—  UN  UN 
VO  ON  UN 
CM 


O  vo 

H 


rH 


UN 

ON  CO 

ON  LTN 

CO  -H"  UN  COH-  H-  P* 
tN-  O  UN  O  IN— -t-  CM 


CM 

VO 

UN 


o  UN  tN-  UNCO  CO 
tt  tN-  ON  UN 

CM  CM  CM 


UN 

O 


O 

i — ! 


_t  ON-t 

ao  co 

H  rH 

fa  CH 

pq  pq 

H  H 


UN 

.4- 

I — I 


UN 

CO 

o 

CM 


<L) 

to 

u 

d 


IN- 
tr 
c o 

ON  ON  O  VO  vo  rH 

O  O  O  H  co  (H 

ON  ON  O  CM  O  CN 

h —  t' —  O  CO  CM 
Kj  CM  H  CO 


fa 


to 

w 


co 


co 


O 

vo 


co 

$ 

pq 


co 


o 


-p 

d 


co  -p  — ^ 

E:  d 

•P  V'-'fa 

pq  oo  o 
U  — -  o 
q  n  t  vo- 
o  PM  t>s 
P  P 
co  co  H  d 
co  co  t> 
d  d  d  »>s 

SSSS 

.  .  co 

H  d 
0) 
o 


CO  CL,  PM 


r  o 

O',:  ;Vv  - 
-  Z:'(  >  CV 


< <  . 


nu 


ro  C:  -  .  1  lO  <  ■ 


r 


c  o 


/v  .  n.\  H  LO  LO 
10  no  no 


(  >; 

i  o 

Q 

O  - 

no 

'  '  <'■(■>  A '  - 

O'  H 

H 

/  o  J 

-  . 

( v; 

« 

!•  • 

t  .A" 

-•}  C  '/U  C. ' 

h  - 

;  -  :  u  ' 

LO 

CO  •  0  au  - 

i  *> 

K 

m/,  o ' 

LO 

LO 

M 

* 

AJ 

r 

(  v  ■  v-  < , > 

'  OA  1  -  „ 

AM  O 

n  /C 

LO  lO 

to 

ns 

* 

- 

5-.  C*  O'  O  /O  A) 


l ,  C<:  :  —  - 


to 


<  . 


r\- 


r  . 

c t 


w 


£■3 

' 

# 

> _ _ 

O' 

~  J 

/•  s 

v— ' 

H 

'  ' 

O 

. 

k4 

t  0 

c  ■  >:  . 
w.  .  r 


:  • 

C.I. 


•  .  w  r  r  O 

1  £  M  ;  •  o 

:  n  5.  f  0  2,  ••{  :  ,-i 


CM 

VO 


CD 

B 


•H 

-p 

£ 

O 

O 


H 


w 


p 


H 

cn 


a 

o 

p 

s 

a 

1 

H 


P 

CM 

P 

EH 


to 

I 

pq 


o  o 


vo 

G\ 

On 

COCO  OV  UO 


o  O  CO  ITS  CO  -4 

CM  CM  CO  uo  O  -4 
O  O  E~  CM  CM 
CM  CM  CM 


E'¬ 


en 

-4 

CO  CO 

CM  CM 


LTV  rH  rH 

cm  nn 

_4  -4" 


CO 

VO 

CO 

co  e—  H 

-4-  rH  CO 


m  4-  h 

I — I 

CM 


CO  E- 

4-vo 

envo 

H  CM 


VO 


co 

VO  _ 

00  co  co  o 

G\  CM  E—  O 


CM  CO  H 
00  O0  H 
CO  co 


CO 

o 

VO 

iro 


CVI 

uo 

UO 


-4" 

CM 


ON  lo¬ 
co  LfO 


LfO  H  -4 
CM  00  -4 
CM 


-4 
i — I 


CM 

CM 


Ed 


o 

-4" 

a 


LfO 


O  vo 

VO  VO 

co  co 


oo 

CO  CM  00  CM  CM 
,4-  VO  E-  t-  CM 


LfO  O 
i — 1  -4 
CM 


E~-  E-  O 
CO  -4 


COCO 

i — 1  r— ! 


O 

-4 


E — 

VO 

00.4  CO 
VO  LfO  VO 


LfO 

5$ 

4-  4-  CO  E— 
rH  140  LfO 


LfO 

i — 1 


Ed 


LfO 

rH  _ 

CO  CO 


i — ! 

rH 


CM  rH  O 
LfO  OO  LfO 
CM 


LfO  CM 
rH  rH 


CO 


o 

co  go 

-4  MO 

CM  vo  E-  co  VO  co  CM 
Oo  COCO  10-VO  CO 


LfO 

-4 

• 

O 

rH 


COCO 

00  co 

CM  CM 


E—  00-4  CM 
ir\  OO  LfO 
CM 


O  O0CO 


CO 

oo 


VO 


CM 


CM 
I — I 

H  14-0 
LfO  -4  rH 


oo 

oo 

H  LfO  c 
uo  E~< 


co 

VO 


LfO 

vo 

CM 


O  E—  E—  E— -4  O  On  LfO 
to-  VO  OO  LfO 
CM  CM 


£7 


VO  -4 

OO  CO 

VO -4  -4  14-  LT\  CO  O 
CM  4-  4-  (4-  E-VO  OO 


uo  O  E--4  00  LfO  O  00  CM 


-4  ltn 
CM  CM 


4-  Oo  uo 

CM 


CM 

E- 

4  ONO 
00  Oo 
rH  rH 

P  P 

pq  pq 

H  H 


VO 

CM 


CO 

uo 

« — 1 


VO 

CO 

uo 


<D 

uo 

u 

ci 

& 

O 


VO  VO 
-4  -4 


LfO  LfO  O 
E—  4-  O 
CM  CM  H 


VO  VO 
CO  CO 

o 


CM 

04 

CO 

& 


0^- 


P 


uo 

w 


4FU 


co 


co 


£ 

o 

•H 

+3 

V 

c5 

u 

P 


o 

VO  H 
r— '  E—  £ 

p  o 

O  -P  -H 
flj  -P 

O 

.  •  05 

P  Pi  U 

6  6  P> 

0)  0) 

Eh  ^  CH 

U  U  n 

&S1 

cO  co  cO 

>  >  X 


C/3 


£ 
O 
•H 
-P 
O 
05 
'  U 
Pa 

W  P 

•  O 

-P 

CO  -p 

•H  £ 

P  *H 


a 


CO 

I 

PQ 


co  -p  ■ — ^ 

$  g-p, 

pq  uo  O 

«h  a>'T"'S< 
O  P  >>  , 
-P  -P 
co  co  -H  c3 
co  co  > 

£  £  £ 

S  2!  £  -P 
~  O  -H 
.  .  CO 


tsO  nd 

,£  id 

O  S 

P  -P 
O  £ 

■P  -P 
£  £ 


CU 

O 

£ 

<D 


<D 

O 

U 

<D 


co  p  P 


■  -  j  -  !  (  '  ‘ 


Vj  ( r>  ~  (  ' 


.  c.-  t  k  c  ’  a/ 

l  v  t  >  C  '-J 


0/ 

o  -  k  cv.  c  ' 

I  / 
Oj 


nj 


f  - 


\tj  c  c  '  i  -. 

<■•)  0  J  C  o  ,  C  • 
r'.i  /t> 


co 


r  - 


( ■>  .  r.'  i-  o  — ;  . 

«««#••• 

/"V  OC  c  —  J  — 3  — 2  .  '  /  ' 

<  1  /o  cy  - .  v 


c-  (  o  .  1  — ■  +  .  -t  r  •< 


♦ 


10 


10  10 


'0j 


( •> 

c '  cv  c  c '  co 

c  ■>  c  .  .. 


«  o 


i  • 

C’. 

o 


hf  ri 

•  , 

(  '  ■ 


C  I 


.  ,  . . 
r  •  b 


/■  N 


- 

C  - 

« 

CJ  .  J 


« 

b?  '  ''  ►  l 

:•  • 

1 5  h!  r 
p  P 


q. 

•S - ' 


rH 

0— 

ON 


• 

LTV 

LfN  VO 

OJ 

ONCO 

CQ 

ci 

t- 

IT-  0— VO 

CO  VO 

£ 

LfN 

LfN_4- 

UN 

o  co 

PH 

o 

O  [- 

OJ 

OJ 

OJ 

OJ 

OJ 

IT- 


ON 

CO 

COCO  LOV0 
CO  LTN  0-4* 


CO 

co 

t — 

HCOJ- 
CO  --t  CVJ 


LfN  rH  H 
OJ  00  H 
-4-  -4' 


VO 


LfN 


lo¬ 


ir —  ON  H 

cdM 


o  _-± 

rH 


UN 

OJ 


oi 

CVJ 

c— 

to-  oo  H 
OO  H 
OO.d- 


cA 


OJ  -4- 
co_p- 


-4- 

co 

o  on  lo 

'  LfN  Q\ 


o 

rH 

co 

OJ 


CO 


Ov  cO_4* 
OJ  CO  -4- 
OJ 


-4- 
i — I 


o 

OJ 


ON 


ON  O 
O  VO 


co 

CD 

H  CO  00 

to-  to-  ON  VO 


OJ 

CO 

CO 

rH 


CO  ^  i— t  H  tr—  t—  O  -4-  VO 
LTNVO  H 00  HH 

co  co  OJ 


-4" 

LfN 


1 

EH 


e 


0 

rt 

CO 

rt 

Srt 

•H 

-P 

o 

rt 

s 

o 

o 

o 

H 

IX  ( 

Si 

00 

o 

o 

o 

to-  co  OJ 
OJ  CO  r-H 
CO  oo 


ON  VO  OJ 
O  ON  OJ 

CO  H  o 

LTN  ON  LfN 

OJ 


o 

ON 

tr — 

to-  OO  o 

-4" 


H4- 
I — I 


o 


LT\  CVJ 

rH  i — I 


CO 


LfN 

o 

.4- 

-4- 


co  vo  co 

LfN  VO  CO 


ON 

CO 

o 

to-  LO-H- 

c— vo  o 


OJ 

OJ 

• 

o 

rH 


LCNO  tO-Q-d-  H  O  ONCO 
ON  O  VO  ON  LfN 

OJ  CO  CVJ 


OJ 


H  CO 

CO  CO 

OJ  VO  00  ON  vo  CO  -4* 
ON-4-  H  vo  to-  O  CO 


ON 

VO 

vd 


VO  rH 

C— co 

OJ  OJ 


I — 1 


vo  to-  D—  CO 

VO  ON  LfN 
OJ 


O  ON  LfN 


CO 

o 


co 

CO  CO 

LfN  Lf\ 

CO  LfN  ON  CO  LfN  H  OJ 
H  VO  C~—  LfN  C—  LfN  CO 

c—  OJ  id-4-  ON  LfN  o  ON  OJ 
LfN  VO  t" —  ON  LfN 

OJ  OJ  OJ 


CVJ 

LTV 


CO 

LfN 


ol 


CO 

CO  O 

cd 

CVJ 

OJ 

Ph 

PH 

pq 

pq 

H 

H 

0) 

bO 

u 

rt 

A 

o 


co  co  o 
OJ  OJ  o 

lA  LfN  o 
D—  D—  O 
OJ  OJ  H 


CO 
f— 
ONVO 
-4-  00 


o 


CO 

CO 

• 

c— 

o1) 


!rt 


o 


bD 

K 


CQ 


O 

VO 

drt  '■J 

rt 


rt 

o 

•H 

-p 

o 

rt 

rt 

Irt 


rt 
o 

•H 
+2 
O 

•  •  rt 

Pa  pu  rt 

a  s  ^ 

0  CL) 

Eh  EH  'H 


'tR- 

CQ  • 

a  w 

FQ 

CQ  -P 

rt 
0 


CQ 


rt 

o 

•H 

-P 

O 

rt 

^  rt 

tR-Ph 

•  O 

4"* 

CO  4^ 


•H 

Q 


111 

>  >  s 


+3  a)  /->.  Pq 

pq  00  o 
u-*-s  o 
<+h  0  ,  vo 

O  Ph  rN>  w 

■p  -p  d 

CQ  CQ  vH  rt  a 

CQ  CQ  ' 

rt  rt  rt  >s 

S  S  rt  -P  0 

o  vH  a 

•  .  CQ  P 

H  rt  H 

0  O 

o  > 


rt 
*H 

o 

•  P4 

tab  tj 

Ss 

«rt  -p 

o  rt 

-p  -P 
rt  rt 
<D  0 
o  o 
rt  rt 
•  o  0 
(rt  PH 

CQ  CQ 
■  CQ  CQ 

rt  rt 

s  s 


C' t 

ro  -  c  •. 

if'  V.  '  (  ■  J  <  ,  - 

r  ,  ■  ,  •  c  • ..  i.o 

to  <  o  ro 


♦ 

c  /i) 

r .  oj 


( 


O' 


-  .  -  CM  C J 

« 

ro 

ro 

<•/ 

- 


♦ 

C  1  o 


ro 

(  o  (  •  /  •  <  r  .  r  j  q 

m  B  m  m  m  * 


S* 


O 

it  ^ 


1 


z’  -s. 

* 

'  • 

1 

- 

Co 

fr 

"  > 

'  Hi 

—  N 

>  • 

c*. 

i  !•  c  . 

N _ , 

.  ^ 

* 

• 

* 

!  , 

1 1 

.  n 

f  .  H- 

•  . 

I 


C  ' 


Hi  K 


I  • 


< 

1 

CO 

fd 

rv*! 

0 

p c 

8 

•H 

o 

-P 

Pi 

a 

O 

o 

o 

H 

— x 

13 

X 

H 

q 

63 

pq 

H 

a 

P 

§ 

H 

EH 

B 

Ph 

P 

o 

s 

cq 

I 


vo 

on 

CO 

VO  VO  -4  ltn  ON 
.4  -4  CVJ  t'-co 


CO  CO  CO  LTN  O 

i — {  i — f  tr —  cvj 

OJ  OJ 


rH 

O 

CO 

-4 

CVJ 


4- 


ON 

2  H 

o  4- 

tr-  co  4-  on  h  -4  vo 
coco  vo  .4-  co  h  tr¬ 


io  H 
OJ  CO 
.4  -4 


OJ 

r-| 


O  CVJ 

coco 

OJ 


I — I 

-4 


ITS 
i — I 


cd 


vo 


CO 

Sir\ 

CO 

LTV  G\  vo  LT\  o  4-  CO 

O  00  to  coco  CTn  CO 

LOHCOCO  LTNCOO  ON  IT— 
CTn  O  COCO  -4  H 

COJ-  OJ 


LT\ 

LT\ 

on 

rH 


LTN 


ON 

CO 

1 — 1 

ir\ 

o 

LTV 

i — 1 

ON 

co 

CO 

CO 

i — i 

CO  ON 

LTN  ,4 

CO 

OJ 

OJ 

LfN  4- 

OJ  4- 

O  vo 
ir—  4— 
OO  CO 


tr- vo 
-4 
CVJ 


CO 

CO 


itn  o 
-4 


on. 


-4 


OJ 

LTN 

ON  4-  O 

14-0  o 


CO 

VO 

ON 

H  CO  4-  ON 
LTN  t—00  4- 


OJ 

H 

CO 
I — I 


o  VT\  4- -4  rt  40  OVH 
LTN  ITN  LTN  ON  -4  rH 

CO  CO  OJ 


8 


rH 

O 

co 


o 

-4 

• 

O 
i — I 


CO 


4- -4  CO  -4  CO  CO  O 
tr — co  [4-0  ir—  On  O 


ON -4 
OJ  CO 
co  co 


4-  i — I 

vo 

CVJ 


CO  ON  O 
ON -4 


ON  ON 


rH 

VO 


OJ 


I — 1 


CO 

4- 

ON 

tr*— 

tr 

CO 

LTN  O  CVJ  rH 
VO  ICN  ITN  OJ 

4-  O  cvj 

4-  ON  CVJ 

COCO  tr—  ON  vo  H 

r  H  H  VO  ON  LfN 

CO  CO  OJ 

O  On  vo 

LTN 

CO 

4- 

& 

• 

-4 

ON 

vo 

rH  CVJ  O  CO  VO  H  CO 

LTN  o  OJ  ON  4- CO  4- 

O  CTN  tr—  4-  ON  OJ 

O  ON  CO 

OO 

ON  ON  tr—  ON  LfN 

oj  cvj  oj 

1 — 1 

OJ 

ON 

CO 

1 — 1 

4- 

LTV  o  CVJ 

CO„4 

OJ  cvj 

o 

CM  CM 

pq  pq 

M  H 


0 

tD 

u 

ai 

jq 

o 


CVJ 

Ov 

OJ 

cd  cd  8  ^4  co 


On  On  O  Q  O  On 
4-4-0  CO  rH 


OJ  CVJ  H 


fH 


w 


CQ 


cn 


to 

$ 

pq 


cn 


Pi 

O 

•H 

-P 

O 

cj 

U 

'eF-  |x, 

•  O 

•P 

co  p 


•H 

P 


CQ  P  — x 

-|§  0 

pq  oo  o 
U  o 

<p  o  u  vo 

O  PM  r>i  W 
-P  -P  rH 

CO  CO  -H  Cj  g 

CO  CO  4  - 

ctf  cti  o3 

x  s  y  +>  cj 

o  -h  e 

.  .  CO  p 

H  Pi  rH 

CM  0  O 

<  Q  > 


•H 

a 

taQ 

6  s 

<+H  -P 
O  C3 

+=  -P 
PI  Pi 
0  0 
o  o 
Pi  Pi 
■  0  0 
CM  PM 

(0  CO 
CO  0 

d  cij 

s  s 


(  J  I  o 


r>. 


(  I  ( <J 


•  •**«*• 

- 

. 


<  c. 


«<**•*♦ 

<  f  r> 


(  w 


C'- 


-  . 


e>. 


Z'  N 

' _ ■> 

• 

V _ * 

, - s 

N 

•  • 

• 

' — 

• 

- - - 

r  1. 

C.  ' 

n  -  j 

• 

i-  r;- 

V  1 ' 

^  r  ' 

:  • 

• 

...  0  !  •  N 

,  J 

. 

: ' 

• 

• 

« 

'■> 


HEMPEL  TYPE  DISTILLATION  ON  TWLCC2  CRUDE  OIL 


0 

I 

pq 


Cvl  OJ  LT\  OJ 
ON  ON  CO  CVJ 


cvj 

CVJ 


CO  CO 

a 

O  O  4-  4-  4*  H 
ON  ON  CVJ  CVI  CVJ  CO 


s 


b-  tN-  LTN  LTN  LTN  O 
t—  tN-VO  CVJ  CVJ 
r— I  iH 


IN- IN-  N-  H 
On  On  ON  VO 
H  i— 1  H 


4*  4^  CVI 
i — 1  i — I  CVI 
•  •  • 

t—  t —  un 
CO  CO  CVJ 
-4-  4- 
-4"  4- 


t— 


vo  vo 

ON  $  §> 

-4-  !4-4-  OOHHHHiAiAiA 
HOONCOOOCOc044VOrlH 


CO  CVJ  CO 

coo  t- 


CTNr^ONt—  OJHHOOCOCO 


CVJ  CO  H  ON  IN- 4"  4- 
-4-  -4-  H 


_  ON-4-  O  CO  VO 

CVJ  CVJ  CVI  VO  CN  ON  IN—  CVJ 

CVJ  IN—  CVJ 

H  UN 
VO 


VO 


-4- 

CVI 

CO  UNCO  UN  CVI 
IN-CO  t- —  LTN  00 


4*  CO 
ON  C— 

CO  vo 

ON  COCO  CVJ 
IN-  IN- 00  4- 


a 


N— VO  VO 
O  CO  O 


vohltnojcovovooo 

VO  IN-  rH  H  N-  UN4" 

CO  CO  cvj 


On  H 
H  CVJ 


cvj 

4" 

CVJ 


ION  O- 
IN-  CVI 


UN 


IN- 

CO 

On  un  t-co  CO 
O  ON  0OVO  VO 


CVI  cvl 
IN-  IN- 
i — I  rH 

tN-  IJ— VO  VO  CO  ON  CVJ 
IN-  C—  LTN  LTN  VO  ON  CVJ 


4^ 

iH 

• 

4" 

CVJ 


CO  LfN  t — 
ON  ON  CVJ 

CO  VO  CO 
CO  H  CVJ 
IN-  O 
VO 


O  LfN  CVJ 
CO  CVJ  CO 


VO  H 
O  H 
CO  CO 


LO  IN— -4- 
H  CVJ  CO 
Cvj 


rH 
UN  LTN 


H  O  O 


On  on  i — !  i — i 
iH  H  VO  CO 
CVJ 


cd  S  OVOJ 


IN- 
ON 

tN-  N- 

CO  VO 


CO  CVJ 

VO  ON-4" 

GO  CO  CVJ 

CO  -4-  ON  ON  CO  UN  UN4 
H  rH  ON  ON  CO  N—  t—  rH 

.4-  ONUNCOOnUNVO  O  O  O 
VO  VO  rH  -4  CO  UN  UN  CVJ 

CVI  CVJ  cvj 


CO 


ON  CVJ  CVI  CO 
H  CO  CO  VO 


COCO  CO 
CO  UN  _4 


OHCO 
CVJ  CD  CO 
CVJ 


UN 

rH 


CO 


-4 

VO 

On -4  co  h 
CO  UN  N- vo 


CO  CO 
CO  CVJ 
UNCO 

ON  CO  CO  UN 
ON  IN-  IN-  O 


CVJ  VO  N—  H 
O  CO  -4  O 


CVJ 

00 

OJ 

rH 


VO  CO 
UN  UN 
00  VO 
IN- 


i — i  on  cvj 
t—  cvj  co 


O  -4 

I — I  rH 
CVJ  CVI 


N— 


O  CVI  Q 
UN  ON  VO 
CVI 


CVJ 


4-  CO  14-  CVJ 
H  VO  CO  CVI 
•  •  •  • 

0  4-  c—  tN-  UN  CVI 
ON  ON  UN  ON  VO 
rH  rH  CVI 


ON  O 
UN 


CVJ 


o 

H 


O 

rH 


i — I 


UN 

CO 

H  O 
tN-4- 

4  00  VO  4* 

vo  VO  vo 

i — I  i — I  CVI 


rH 

O 


IN- VO 
ON  N- 


CO 

IN- 

co  H  UN 
VO  tN- 


rH  rH  O 
ON  ON  H 
OJ 


CO  In-  CVJ 
4-  On  co 
4- 


ON 

CVJ 

IN- 


ON 

IN- 

ON 


CO 

CVJ 

I — 1 

co 

vo 


vo 

CO 

ON 


4" 

VO 

OD* 


N— 

CVJ 


UN 

ON 

UN 


CO 

VO 

• 

4- 


4^ 

rH 

cvj 


ON 

CO 

CO 


Pm  Pm 

pq  pq 

M  IH 


<L) 

to 

Pm 

Cv3 

O 


00  CO 

rH  H 

•  • 

o  o 

t~—  £~~ 
0-1  OJ 


o 

o 

• 

o 

o 

I — I 


CO  CO 

in-  in- 

vo  vo 

IAIA4  4 
4-  4-  CO  CO 


ON  ON  On  O 
O  O  O  O 


UN  UN  o 
co  co 


O  ON  ON  ON  O 


UN 

4 

UN 

CO 


Pm 

O 

VP- 

14) 

pel _ 

0  • 

4  0 

CO 


co 


— v  co 
_  co  H 

r— ND  pMO  „  PM 

O  — O  O  Pm  O 

>5  -P  -P  VO 

■P  H  -P  (J 

•h  >  cd  -P 

>  cl  L  <ri 

ClJ  Pi  rN  H 

Pm  U  -P  -H  0 

O  «H  CO  H 

IH  CO  a  P 

H  Pm  P  0  H  _ 

Pm  <1  0  P  O  > 

<  P  > 

•  •  • 

•  Pm  •  Pm  •  Pm 

to  Pm  co  Pm  0  Pm 

P  O  ,0  o  P  O 

O  O  O  O  O  O 


0 

•  0 

0 

d  d 

Co 

3  43 

o  w 

Obs.  =  Observed 
Corr.  =  Corrected 


I 


•  j  :  j 


- 

(  •>  C  O' 

-  .  ✓ 

C  'r  AJ 

- 

-  c  ‘  t  */')  /: ' 

/  ) —  (  ' 

c  '  h 

r  ' 

O' 

o> 

f->  i’J 

L  3  . 

/  ■!  ,  •- 

— 

-  ■  O')  1 

C  ' 

C  '/  /  ‘ 

/'•'.j 

•  C  '  (  ' 

O' 

(  > 

f  •; 

r: 

C  ' 

1 

| 

o '  • 

«•/.->  (  o 

ro 

_  • 

n  > 


.  •  < 

O' 


<  / 

ro 


A) 


<  o 

•  a  «  •  * 

QV-  •  O/C 


(  >  i  , 

O'  o  ' 


f  0 

O;  (  1  /  y_  - 

1  ■ ;  1  •  ■  t  ‘1 

>. — ^ 

/  \ 

V _ / 

* 

■  r-N  ir  - 

r  | 

■  r  y 

v _ ✓ 

•  v  .» 

c  •<.  , 

C  ' 

€•- 

1  • 

.J  .  :  ;•  o 

i  ", 

„  J 

s - •" 

1 1 

► ' .  . 

^  J  " 

* 

.  j 

y] 

;  : 

o 

J  7 

V 

, 

• 

• 

*  • 

« 

* 

-  J-  *  * 

- 

,J  J 

»  . 

v-»* 

13 


co 


PQ 


co  co  in 

UN  UN  ON 
•  •  • 

H  H  VO 
CO  CO  VO 
r— I  H 


ss 


.4  -4 

cd  cd 

o  o  co  CO  CO 

Ov  G\  OJ  CM  OJ 


LP\  UN  o 
CM  CM 


rH 

O 

CM 


UN 
i — I 

CO 

VO 


CM 

CO 

• 

UN 

c— 

u\ 

4- 


CO 


O 

-ar 

vo 

CM 


LT\ 

CM 
4-  -4 


vo  vo 

-4  4" 
CM  CM 
C— CO  CO  CM  CM 
4*  CO  OO  CO  CO 


H  H  OV  CO 
On  ON  H  00 


CO  H  O 
ON  IN- 4- 
H 


O  O  O 


4  4  VO  t1- 
i — I  i — I  i — l  VO 
CM 


UN 

o 

CO 

CO 


CM 

CM 

ITN 
ON 
On -4 

c 


cO 

4 


r04 
VO  co 
ON  co 


vo 


CM 

UN 

i — I  UN  i — 1  i — | 
IAH  04 


4-  un 
rH  tN — 

O  CM 

O  ON  00  4-  CM  tr—  CM 
H  IN—  IN- VO  00  VO  CM 


4-  O 
CO  4' 
co  co 


UN  CO  CO  tN—  ON  O 
H  CM  CO  4-  4 
CM 


O 


ON  On  un  O 
H  rH  LOCO 
CM 


r— 1 


CM 

CM 


O 

CO 


On  4- 

ON  IN-  IN-  H  p 

IN- VO  UN  O 

CO 

ON 

IN- VO 

CM  ON.4  CO  CO 

CM  vo  CO  0 

UN 

CO 

CO  ,4  LN0NN-O4  0  6 

ON  ON  UN4 

CO 

CM 

CO  ON  H  O 

t— 4  4" 

rH  rH  CO  IN— 

CM 

O 

CO  CO  CM 

CM 

IN- 

OJ 

VO 

UN 

CM 


UN 

CO 


O 

CO 

• 

i — ! 

VO 

IN- 


UN 


CO 

ON 


CO 

CM 


CM 

4" 

CO 


O 

& 


ON 

r — I 


ON  UN  H 

O 

UN 

D— VO 

00 

CM 

ON 

IN- 

ON 

ON 

rH  CO  VO 

1 — 1 

IN- 

IN-  IN- 

UN 

ON 

UN 

-4 

ON 

ON 

O 

UN  O  CO 

O 

CO 

o  d 

ON 

On 

UN 

vo 

VO 

vo 

ON 

H  4*  CO 

UN 

UN 

1 - 1 

1 — ! 

IN- CO 

rH 

rH 

CM 

CM 

CM 

CO 

cd 

W 


<D 

H 


8 

CO 


X 

H 


rJ 


ON 

ON 


ON  OO 
ON  O 
LfN  ON 


4 


VO  i — I 
CO  4 
CM  CM 


CM 


IN- VO 
UN  H 


CM 


CM 


CM 


H 

B 

UN 

M 

O 

CO 

P 

vo 

C 

IN- 4-  O  CM 

CO 

O 

rH 

p 

O  C—  UN  CM 

In- 

vo 

rH 

CM  .... 

• 

• 

• 

x 

CO  CO  IN-  H  VO  O 

O 

ON 

VO 

Eh 

On  O  VO  ON  VO 

H  CM  CM 

P 

P 

8 


I — I 


COCO  ON  ON 
IN— 4"  ONCO 

CO  H  VO  CO  CO  CM 
IN-CO  VO  ON  IN- 
i — I  i — I  CM 


UN 


VO 

H 

ON 

vo 


4* 

IN- 

ON 


ON  CO  CM 
C— CO 


P-i  Oh 
PQ  pq 
H  H 


O 

UN 

CO 


ON 

rH 

• 

4 
i — I 


CO  ON  UN  In-  CO  In— 4-  O 

CO  CM  VO 

ON 

vo 

H  4  CMVO  CM  IN— IN— CM 

UN  H  4- 

CO 

IN- 

D" —  IN —  rH  O  tN-O  O  ONONUNON 

H 

d 

4-  On  UN  UN 

CM 

CO  CO 

CM 

rH 

rH 

IN— 

O 

• 

O 

i — I 


-p 

O  r|  ON 

id 

S 

IN-VO  ON  ON  UN  UN  CO 4"  O  CM  O 

UN 

CM 

0 

O 

HVOCO  UNIN-tN-tN-UNIN-CO  UN 

IN- 

4- 

0 

H 

CO  . 

• 

• 

V _ X 

Ed 

IN-  CM  IN- -4  CO  VO  ON  O  O  ON  ON4-  CM 

co 

CO 

<$ 

H  CM  UN  ON  UN  UN  ONON 

CM 

CO 

4* 

• 

IN- 


00 

4 


VO 

CM 

CM 


<U 

to 

U 

cd 

P 

o 


in—  c— 
on  ON 

o  o 

CO  CO  o  CM  CM  UN  UN  CO  CO  CO  o 
CM  CM  o  VO  vo  co  CO  tN —  IN —  £N —  O 


I — I  r — I  O 

C —  c—  o 

CM  CM  H 


-4  4*  O 

co  co 


o  co  CO  00 
& 


o 

i — It — i  o 

CO  CO  H 


co  -p  <Q 

CO  CO  CO 

cd  -h  cd 
S  P 


•  pH  •  pH  •  pH 

W  PH  IQ  Ph  IQ  Ph 

P  o  p  O  P  O 

o  o  o  o  o  o 


Cum.  Mass  X  API  Gravity 

Btms.  (gns  °)  8191.L0  7762.98  7352.22  6535.23  5773  43  5071. ol  L575.82 

Btms.  API  Gravity  (°)  34.62  32-17  31-37  30-59  29-03  27-54  26.16  25. 20 


to 

( ■> 

(  j 

1 O  O '  c 

> 

- 

« 

• 

O  f  '  /■  / :  o 

-  p. 

( 

C  ' 

C  '/ 

/ 

-  ’ 

to 

1  ,  (  ■, 

r  f 

* 

(  , 

-  ■  (  . c 

r 

'  y  w 

• 

O' 

(  .  ; 

/V  /  ' 

<  >/ 

» 

( <j 

o; ,  . 

- 

C  ' 

i  '  - 

/ 

(  > 

— •'3 

t . 

—  o  '■ 

__ 

(  y 

• 

u 

r 

r*  • 

< . 

< 

Lo 

/  '  .  ‘ 

L  ’ 

P, 

• 

C  ' 

— 

* 

•  * 

*  * 

* 

v 

-  < 

C  V 

QJ 

« 

/  '  / 

r  / 

- , 

rr> 

b '  p. 

O' 

— J  A 

C  > 

— 

"1 

/“'J 

—  ' 

C  P/  (•)(•!/  / 

!’  10  C, 

l  •! 

<  o 

f  '  CV  C 

«• 

f  (  ■/ 

— 

K  fr>  Po 

" - - 

X  / - \ 

\ _ ^ 

•  i 

V _ ✓ 

(  0 


U> 


r  ^ 

c  ■; 

o  r-  f  •  «: 

f  •-  £. 


c>  • 


c-  <  .  : £; 


P  > 


n 


i  ■  . 


•  i*‘ 

'  i-  ? 


O 


>■'  k?  r:- 

•  •  i'. 


i  •  I 


J 


CO  CO 
I — I  I — I 

H  i— I 

•  OOCOC'—C'— OOOOOOJ 

O  OV  CV  CVJ  CO  O')  OV  0V  CO  CO  CO  L'~ 

4^  UV  LOCO  LOLOO  O  VO  LO  VO 

FQ  CC  CO  VO  OJ  OJ  O  O  •  VO 

H  H  CV)  CVJ  CVJ 


CO  CO  c— 

O  O  CO 

VO  VO  UA 
i — I  i — I  CV) 
iV-  IV- 

4-  4- 


tv- 


r~\ 

tv- 

ov  o 

-4-  -4- 


$ 


co  co 

4-  4- 
tv-  tv- 
VO  VO  i — !  i — I 
CO  coco  CO  . 


LO  H  tv-  CO -4  H  H  O  O  r-i 
CVJ  CO  H  O  tV- -4  -4  OJ 

-4-  -4  CVJ 


O 

4- 

d 


O  -4 


4- 

4- 


t  i — I  i—J 

CVJ  tv- co 
CVJ 


CO  VO  -4 

VO  t —  C" — 

co  CAVO 
CVJ  CO  CVJ 


vo 

UV 


UA 


vo 


-4 

o 

co  04  vo  lev 

O  -4  UAVD  CO 


l r\  cv 

o  o 

tv —  tv- 
ovvo 
tv- CO 


OV  LT\VO 
vo  tV-H 
co  co 


cv  o 

r— !  CO 

CVJ 


CO  UA  o 
-4  -4 


o 


CV 

I — I 


o 

CVJ 


co 

CV) 


<3 


LTV.4- 
tv-  co 


tv-  iV-  Lev 
-4  tv —  CVJ 
cvj 


UA 

CO 


OV  UA4" 

ov  c —  i — t 

•  •  • 

-4  -4  CO 
CO  V—  C\l 
4-  I— t 

vo 


LTV 


vo 

Ov 

oj  vo 

4-  co 


LTV 

VO 

o 

VO  00  co 

oo  rovo 


OV 

ov 

CVJ 

IV-  tv-vo  tv-  H  VO 
!V- 4-  ov  tv-  O  co 


OJ 

OJ 


V—  OJ  vo 
tv-  UAV0 


CO  Ov  10  4-  VO  OJ  r-t  O 
rH  H  H  COCO  OV  LTV 
CO  CO  OJ 


4- 

UA  LTV 

IV-  H 

vo  CVJ  CO  OJ  oo  4- 
O  Os  tv-  tv-  OJ  tv- 


4- 

01 


LTV 

o 

4- 
LfV  CO 


Ov  _ 

H  vo  CO 
CVJ 


O  tv- lev 


ov 

I — I 


tv-  icv  ovvo  OJ 


CO 

ua 

irv 
I — I 


CVJ  4- 

ovvo 
tv-  ov 

VO 


a 


CO 

H 


o 

c— 


CO 

vo 

OJ 


CO  LTV  0\  H  H  lev  o 
IV-  H  4-  Ov  lev  irv 
OJ  OJ 


Ov  Ov  tv-  O  co 

i — !  i — I  CO  GV  i — I 

OJ 


CVJ  Ov  H 
CO  Ov  co 
CO  tv- 


fd 

(U 

g 

•H 

-p 

c 

O 

o 


X 

H 


1 

FH 


o 


p 

H 

CO 


o 


o 

H 

6! 

d 

H 

& 

H 

p 

& 

& 

eh 


CO 


CO  t — 

O  4-0 

VO  4-  OJ 

OCOrIVO  iev  4-  CO  lev  cvj  4-  4- 

co  CVJ  4-  00  O  tv-  tv-vo  CO  lev  co  OJ 


4- 

o 

I — I 
H 


UA  IT\  o 

o  t— o 


o 

CV] 

CVJ 


UA  tv-  ['—4'  UA  Ov  O  O 


CVJ 

CVJ 


lexovioiA 

OJ 


OV  OV  tv-  COCO 
OV  OV 
OJ 


OJ 


o 

o 

OJ 


o 

OJ 


co 

OV 

0 

• 

UV 

tv- 

VO 

4- 

vo 

O  4-  OJ  Ov 

co 

4- 

Ov 

H  CO  O  co 

4- 

vo 

UA 

tv- 4-  tv-  O 

d 

ov 

UV 

vo 

OJ 


OVVO 


r—| 


1 — !  r-t 


OJ 


CVJ 

4- 


i—t  O  OJ 
CO  CO  CO 
4-  OJ 

00 


ov 

CVJ 


4- 

• 

CO 

ov 

4- 

4- 

cv 

ov  coco  4- 

Ov 

vo 

CO 

VO  0  4  4- 

vo 

UA 

ov 

4-  CVJ  VO  H  Ov  O 

d 

ov 

OJ 

4- CO  tv-  Ov  IV- 

UA 

OJ 

UA 


tv- 

rH 


w 


o 


O  4-  H 

ov  ov 


O 


P  P 

pq  pq 

H  H 


O 

feO 

u 

d 

A 

o 


UA  UV 

tv-  tv- 

4"  4" 

UA  UA  O  OV  OV  UA  UA  UV  UA  UA  O 
4-4-  OCOCOCOCO  tv-  tv-  IV-  O 


CV)  CV1  o  CO  co  o 
4-  4-  o  co  CO 
OJ  OJ  H 


o  co  CO  co  o 

rH  rH  rH  O 
CO  CO  CO  H 


OV 

CO 

co 

CO 


g*  g* 

Coo 
O  Erl  EH 
•H 

-P  U  U 

%  a  a 

U  d  cd 

P  >  > 


'  '  ’  - .  (V  - 

i  /  c*  O 

C '  1 0 

ro  : 

c  *o<  ! 

(  -  J 

l/J 

.  .  .  (  . 

j,  )  r  > 

/  ('O 

( ■)  ■  ' 

(  ')  n, 

• 

!  ■ 

—  •  j 

- 

O  /*  — ^  c  f  o  / . 

— 

1 

Uj  C' 

I  J  0  >  ri>  -  -  i „  -  -  J  .  ; 


C 

(  •/ 

• 

/*  1 

/•j 

- 

* 

f  ' 

—  *  r 1  /  » 

lO  r^T/ 

•  .  I/O  (  w 

ro  -  ) 

i 

K  'i 

’ 

(V 


t  .  <  (  'J  ' 


i  '  c> 


C  , 


■ 


/^>4Q  p  /u 

^  O  *4  -  '1 

<  o  r*>  <  i  i  j  ir. 

-  - 

•  1  ^  : 

c3 

,  :  1  (  ; 


cn 

$ 

pq 


CO  co 

ITS  LT\ 
i — I  i — I 

CVJCVJC—OOOOHHHO 
CO  CO  o  CO  OO  ON  ON  CO  CO  CO  N- 


OJ  OJ  O  un  im  O 
00  ON  N-  CVJ  CVJ 

r-t  r— I 


CO  CO  CO  vo 
H  -]  H  vo 


CVJ 


CVJ 


o  o  o 

to—  l  co 

UN  LT\  LTV 

-d  -d 


to- 


-4"  -d 

to-  CVJ  CVJ 

co  co  co 

ON  CVJ  _d  to-  to-  H  H 
CO  to-  UN  CVJ  CVJ  co  co 


UN  UN  VO 
rt  rl  J- 


CO  CO 
-d  on 


un 
CVJ 
-d  -d 


& 


CVJ 
i — I 


-d  -d  .  . 

O  tN--d  -d 

CVJ 


H  H  O  O 


ITN  UNCO 
i — I  i — 1  CVJ 

cvj 


i — I  On 

to- CVJ 


ON  ON  1N- 

VO  CO  CVJ 


r-t  10- VO 
rH  tO-  CVJ 
UN  CO 
O  LTV 
to- 


VO 


-d  VO 

On  vo  VO 

itn  CV1  CO 

UN  t" —  i— I  CVJ  Q  Q  O  LTNCOOVOVO 

■  ■  "COcOtO-IO-HVO-d- 


N- 

CVJ 


CO  UN  COVO  dr 


CD  ON  IN- 
O  coin 


LTN  O  ITN  O 
CO  ON  P  CVJ 
CO  CO  CVJ 


d-d-  O  O  OnONCO  t-iA  -d  H  tN- 

-d  -d  r— t  rH  -d  tO-  CVJ  O  CO  CVJ 

CVJ  to-  O 

CO  VO 

ITN 


0 


PQ 


Q 

M 

C/3 

pq 

Ph 


X 

M 


3 


H 

E 

! — I 

P 

P 

PS 

P 

P 

P 


W 


ITN 


CO 

On 

CVJ 

VO 


a 


o 

o 


£cS 


ONCO  OJ 

tO-CO  CVJ 

SCO 

CO  CVJ  _d  co_d  On  -d  COCO 

to-  C—  O  On  i— t  CO  VO  co  to- On 


LTV  itn  vo  vo  on  co  o  O 

CO  CO  rH  COCO  -d  -d 
CO  CO  cvj 


On OD  COON 
i — I  VO  CO  i — I 
CVJ 


ro„d  CO 

VO  d  OJ 

to-co 

ITN  VO 

CO 


ltn  On 

0—  VO  r-t 

CO  O  CO 

CO_d  CVJ  LTN  COVO  VO  O 
H  CO  ITN  00  t—  0—  0—  On 


VO 

I — I 


tN--d 
ON  O 


o 

o 


o 

_d 


CO  tN~ 
r-t  -d 


IAO  1AH  rtd  coo 
CO  On  i— t  ltn  ON  itmtn 
CVJ  cvj  OJ 


ON  ON  Id-  O  -d 
i — I  i — I  CO  ON  i — 1 
CVJ 


COCO  O 
rH  ITN  CO 
CO  VO 
-d  IN- 
CVJ 


CO 


co  tN-  H 

C —  i — !  VO  i — I 

VO  H  CO 

CO  COt— OnCVI  UN,d  O  OOOCOOO  IN- 
04  VO  H  VO  OO  tN-  tN-  tN-  tN-  tN-  CD  -d  VO 

CO  CO  C^-CO  d*  VO  tN-  CD  O  On  On  t- —  CO00  C— 

cod  ITN  ON  un  ITN  On  On  H 

OJ  CVJ  CVJ  CVJ  -d 

VO 


S 

ITN 

tN- 


CO 

CVJ 

& 


a 

p 

VO 

• 

•H 

o 

0J 

UN 

IN- 

p 

ITN 

ON 

d 

s 

O  COVO  ITN 

CO 

1 — 1 

CO 

O 

o 

H  IN-  tN-VO 

IN- 

VO 

co 

o 

M 

0J  .  .  .  • 

• 

• 

• 

Ed 

f —  OO  t—  ITN  VO  ON 

o 

ON 

ITN 

cd 


CVJ 

OJ 


vo 

cvj 


On  u-n 


CO 

O 

o 

O 

o 

OJ 

CO  HVO-d 

CO 

CO  VO  CVJ  r-t 

IN- 

-d 

CO  t—  vo  cvj  on  0J 
ON  ON  tN-  ON  VO 

CD 

ON 

-d 

ITN 

-d 


-d 

CVJ 

CO 


i — I  i — ! 


OJ 


CO 

o 

Od  OJ 
ON  ON 


-d 

C— 


ON 

ON 

• 

»  ! 


p  p 

pq  pq 

H  H 


o 

id) 

U 

cj 

P 

o 


-d  -d 

vo  vo 


o 

o 


CVJ 
I — I 


OJ  OJ 
c—  t— 

CO  co 

LCN  ITN  CVJ  OJ  OJ 

oo  00  CO  co  oo 


o 

o 


-d  -d  O 


co  co  o 
co  co 


CVJ 


O  ON  ON  On  O 


CVJ 

rH 

CO 

CO 


p 

O 


p 

O  PO  P 

wO  O  PO 

>>vo  <o  S 
P  P  vo 
•H  P  tt5  P 

f>  cd  P  kJ 

o3  ro  0 
U  XP 

O  P  -H  0 
•H  0  6 
I — I  W  ft  P 

Ph  P  0  H  . 

<  0  P  O  > 

P  > 


•  p-l  •  ?H  •  J-l 

10  F  «  P  W  P 

P  O  P  O  P  O 

o  o  o  o  o  o 


(  ■; 


(  ') 


. 

c  • 

-  ro  , 

a  >  c '  t ' '  s 

C  ' 

rn  ( ■  i 

(  o 

LO  CO 

«  0 

•  C  ' 

CO  p. 

J 

r  ■  -  c  ;  O'  -  • 

rv  T  V 

i  0  /  Co  • 

;  co 

rv 

l 

/T) 

r  /\  /  1  /' 

'  c 

C  ■ 

— 

C  -  <  >  c 

( 0  c 

••  .  ■, 

.  -  .  < 

0> 

-  !  -  ;  <  •  V 

<  ■> 

/  I' 

-  Co 

(  n 

O' 

C' 

— . : 

/• 

r 

(  o 

C ‘Co  (  ■ 

c  .  -  i 

# 

« 

«  i  »  « 

AJ 

C'<  -  Co 

—  ■ 

ft  C '  l/J 

•  > 

• 

r-j 

o 

g  ■  i 

—*3 

^  lr,  OM 

• 

4) 

•  fit 

H 

CO 

r  > 

to 

» 

CO 

l  .  to 

>  l  i  /  /  LO 

'  o 

U 

(  (  '  c  > 

« 

(  •; 

< 

(O' 

(  O 

(  •;  ■  -  .  - 

(  o 

Co  Co 

•  O 


«  -J  :  • 


s  \ 


-  C  • 

o:  . 


- - 

• 

_ _ ' 

C'< 

H* 

«.  I 

l  • 

Ct 

i 

* 

• 

* 

• 

«• 

« 

• 

* 

5 

•  .  • 

*  K 

« 

* 

f  7 

O 

1  • 

K-:  t-i  <•+ 

o  o 

i  ’ 


o 


IQ 

S 

FQ 


vo  vo 

CO  CO 
I — I  I — I 

CVJOICVJiAlAOOh-  V-  tv-  LfN 
neon  CVJ  cvi  on  on  ltn  ltn  lcn  on 


LfN  LfN  i — |  LTN  LfN  O  O  VO  VO  VO  C— 
On  On  C"—  CVI  CVJ  i — |  i — ]  i — I  VO 

H  H  CVI  CVJ  CVJ 


romiA 

co  oo  CVJ 

r^>  o} 
ON  On 
-d  -d 


co  co 

uo  CO  CO 

-d  _  ON  On 

H  CO  tv-  CO  CO  H  H  co  CO 
CO  vo  CO  On  On  CO  co  ltnltn 


LfN  h  O 
CVI  cO  H 
-4-  -d 


LTN^J- 

O 

cvj 


O  O 

~d 


O  O 


cvi 

iH 


CVI 

rd 


LTN  ON  ON 

H  co  CO 

ON  H  CO 
CVJ  V-  CVJ 
CVJ 


tv-  O  -d 

H  O  ON 
•  •  • 

CVJ  -d  LTN 
O  CO  CVJ 

-d  co 

LTN 


VO 


On  i — I 

_d  covo 

CO  VO  CVJ 

CVJ  vo  O  H  CO  o  O 
tv-  COVO  CO  VO  co  CO 


_  COlfNH  O  CO  _d 
ON  O  H  Cvj  CO  -d  -d 
CO.jd  CVJ 


O  O 


tv- 

CVI 


o  o 

LTN  VO 


LO-d- 

tv-  O 


co 

H 


ON  ONCO  CO  LT\ 
rd  l — I  -d  tV—  CVI 
CVJ 


LTN 


LfN_d 

CO  ,d  o 

CO  u-N  On 

ON  VO  CO  co  vo  CO  co  ltn  VO  H  -d  O 

LfN  On  CVJ  _d  VO  tv-  tv- CO  v-  LTN  CVJ  _d 


£vT 

CM 

CM 


LfNO  VTNVOVOCO  V—  O 
-d  ifN  H  COCO  -d 
co  co  cvj 


ON  ONCO  _d 
i — 1  i — I  VO  CO 
CM 


vo  vo  tv- 

ON  ON  CM 

•  •  • 

rM  LTN  v- 
O  CO  CM 


ON 
I — I 


vo 

LTN 


O  vo  H 

CM  H  VO 

CO  ONCO 
Jd  tv-  CM 
c— ■  t— 
vo 


H  LfN 

LTN  O  ON 

ON  UVtV- 

COO  CO  ON  CO  vo  VO  CM  -d 
CM  CM  CO  CM  UN  IV-  C"--d  co 


LTN  O 
ON  O 
CM  CO 


VO 

i — ! 


LfN  tv-  CM 
co,d  tv- 


ON  LfN  VO 
CM  -d  O 


LfN  CM  i—l  CO  CM  O 
rH  LfN  ON  LfN  LfN 
CM 


ON  ONCO  O  co 
i — I  ( — 1  00  ON  r— i 
CM 


co 


o 

ON 

vo  V-Hd 
CO  LfN  LfN  CO 


VO  H  IV-  ON-d  vo  vo 

.d"  LfN  LfN  ON  LfN  LfN 
CM  CM  CM 


o 

CO  LfN 
LTN  tV~ 
ON 


o 

co 


co  -d 

LfN  ON 

o  CM 

LfN  LfN  Lf\  CVI  ON-d  -d  t 
CM  1V-C-CO  v-  rd  LfN  rd 


o 

H 


H  VO 
LfN  ON 


O  O  ON  ONCO  COCO 
ON  ON 
CM 


co 

CO 


-d*  -d  Q 
H  On  CO 
-d  On 
t— 


CM 


CM 

vo 

CO 

LfN 

tv- 

CO 

LTN  CM  H  CO 

-d 

CO 

ON 

H  tv-  H  VO 

tv- 

vo 

-d 

•  »  •  • 

• 

• 

• 

LfN  ON  IV- VO  IV- CO 

O 

ON 

LfN 

CM  CM  VO  ON  LfN 

CM  CM  CVJ 

ON 

rd 

• 

CO 

-d 

O 

vo 

LfN 

ON 

-d-  tv- CO  CO 

CM 

LfN 

ON 

O  tv-vo  CM 

tv- 

VO 

CO 

•  •  •  • 

• 

• 

• 

CO  o-  v-  CO  ON  CM 

o 

ON 

CM 

O  O  tv-  ON  VO 

rd 

CM  CM  CM 

vo 

co 

co 


CM 

CO 


I — I 


O  -d  O 

LfN  LTV 
i — I  rd 

Cd  Cd 
FQ  FQ 
M  M 


<D 

(50 

u 

d 

o 


ON  ON 

vo  vo 

rd  H 

LfN  LfN  O  LTN  LfN  VO  VO 
vo  VO  O  LfN  LfN  CO  CO 


CO  CO  CO  o 
tv-  t—  tv-  O 


dd  O  cvi  CVJ  o 
tv-  tv-  O  co  CO 
CM  CM  H 


o  co  00  CO  o 


LTN 

LfN 

CM 

CO 


O  O 

wo  O 

Jo'S  ^OVO 
-P  -P  vo 
•H  -P  0} 

>  Cj  ,  -P 
cd  ,  to  cj 
U  to-p 
O  -P  -H  (1> 

•H  (Q  P 
H  in  fl  3 

Fd  d  (D  rd 

a>  p  o  > 

p  > 


•  fn  •  Jh  •  Jh 

CQ  u  w  U  tQ  id 

P  o  P  O  P  o 

o  o  o  o  o  o 


O' 


CV/  .  C  >  P'/O 

/  -  -  :  -  c'  to  ' 


r  / :  •  :  .  c  i  -  .  v* 


( / 


ro  < 


to  -  .  r  '  c  '  /■  «;<*•<• 


f-/  <•  ,  ■  /f  o  O  t  o  ( •'  '  V.  /  M  f  • 


l  j  (  w  i : 


;  f  '  1 


*  r  r  • 

Uj  f  /  ’  .  -  C  ' 


r  ro 


f 


t  /O  AU  /  J 


(  ■, 
O' 


cn  -of 


r  -  .  A' 


l/) 


C' 


P  > 


i  •  <  -  -  « 


C' 


r-/ 


/  ■ 


O'  C  ' 

c  (  Q  <•-(•..(  1  C  !  /  1  C  '  o 

.  •  .  'O' 


f  / 


(  ..  (  ')  c  -•  - 


V .  " 


* 


O' 


C  '  c 

c  v{ 


C'  r I- 
r-!- 


•;  v  •  <3  i 

J  i  ►  •• 


c  ' 
-  .  - 


f  \  ( 

r 

•* 

* 

M 

» 

s 

,  5 

# 

,  •» 

:? 

J 

cj 

c  • 

f: 


-4-  CO 
H  H  O 


co 

§ 

pq 


O  O  rH  00  CO 
in  O  O 


in  in 
oo  co 

0J  0J 

O  O  -ch  -4  -4  0J 
Ov  ov  n  in  in  oo 


in  in  h  in  in  o 
ov  ov  t'—  cm  cm 
H  H 


o  vo  vo  VO  CO 

cd  cd  cd"0 


co  on  in 

O  O  CM 

ov  ov 
-dr  -dr 


IV- 


1 — I  CJV 

oo  oo  vo 

O  H  O  CM  in  CM 
COCO  ov  tv-  tv-co 


In  CM  CM 
CM  oo  H 
-4  -cf 


10-  in  O  O 
O  tV-P"  -M- 
CM 


8 

00 

•  • 

O  O 


Q\  O  -4  in  CM 
ov  o  in  o  on 


-4 

I — I 


in  h  ooco 

H  fOt-CM 
CM 


vo 


oo 
vo 

C--C0 

vo  -4-  H  -4 


C —  OO 
CO  CO 

VO  co  o 
O  oo  co 


in 

vo 

CM 


4-  00 

in  vo 

*  • 

H  4- 
O  O 

in  4- 
in 


rH 

O 

VO 

CM 


.4  CM  VO  O 
O  -H-  CSV  VO 


O 

rH 


CO  vo 

IV--4 


CM 

OV 


O  vo  H 

Ov  OV  H 
co  on 


OV  Q  co  co  O 


J-  in 
rH  H-4 
CM 


IV- .4 
IV-  CM 


in 


Ov 

on 

co  CM 
IV-  CM 


CM  0OH 
OV  CO  4" 


O  in 

004- 

0J  ovco 

co  tv-  h 


o\ 


CM  IV-VO 
O  O  CM 
in  ov 
in 


vo  n  on 
t—co  co 


co 

vo 


4" 

i — 1 


CM 

CM 


O  vo  in  in  in  o  vo 
in  in  rH  coco  4-  -dr 
on  on  cm 


O  O  0v  Ov  in  coov 
i — |  i — l  vo  c0  i — | 

CM 


To 


O  Ov 
O  CO 
OV-H- 

co  h  tv-  in  tv-  iv-vo 
on  in  ov  o  iv-  Iv-vo 


vo 

ov 

vd 

i — I 


O  C0  CO 

co  on  cm 
tv-vo 
vo 


tv-  OOCO  CO 

V-  in  o  o 


in  ov  CM 
tv-co  vo 


O  vo 

O  O 
on  on 


in  o  i — I  Ov  i — !  O 
H  in  ov4-  in 
CM 


O  OvOMnoH 
H  H  co  Ov  rH 
CM 


H  OV  OV 
CO  H  CM 
t— -4 
Ov  IV- 
CM 


<L> 

s 

•H 

-p 

a 

O 

o 


X 

H 


CO 


CO 

co 

VO  O 
on  ov 


CM  CM  H 

CO  on  rH 

OV  OV 

t—  tv-  in  in  o  O  ooxt  Ov 
VO  vo  tv-tV-tV-lV-CM  rH  4 


on co  iv-  c~-4_  -d-  4- 
in  in  in  ov  in  in 
CM  CM  CM 


CM 


i — ! 


O  O  Ov  Ov  in  COCO 
Ov  ov 
CM 


co 

O 

o 

OV 

Ov  Ov  in  co 

4" 

s 

O  Ov  H  CM 

IV- 

cm  tv-co  in  v-  iv- 

o 

o 

on  co  vo  Ov  in 

CM  CM  CM 

IV- 

i — i 

on 

o 

on 

o 

O  OV  O  rH 

vo 

tv-vo  vo  in 

c— 

o 

O  invo  CM  ov  OV 

o 

OV 

HH  t-  Ov  in 

CM  CM  CH 

in 

rH 

tv- 


CM 

CO 

CM 

O 

-dr 


H  on 

Iv-  co 


in 


on 

on 


in 

CO 

CM 


on 

vo 


CM 

CM 

CO 

IV- 


O 

on 


o 


Ov 

o 

O  in  rH 
Ov  ov 
rH  rH 

fe  fe 
PH  pq 
IH  H 


o 

-4 


a) 

w 

u 

c5 

P 

o 


tv-  tv- 
c— •  Iv¬ 
on  CO 

COCO  O  vo  VO  VO  vo  vo  VO  vo  o 
V—  Iv—  O  rH  rH  CO  CO  OV  0V  Ov  O 


CO  CO  o  CM  CM  O 
iv-  iv-  o  on  on 
CM  CM  H 


o  vo  vo  vo  o 

i — !  rH  rH  O 

co  on  on  h 


vo 

i — I 

CM 

on 


fe 

o 


-p 

CO 

~cR'  "H 

w  P 


P 

O 

•rH 

P 

CJ 

cd 

U 

fe 

P 

O 


'eP. 


CO 

3 


CO 


co 

S 

pq 

P 

o 

a? 


t 

<L) 

O 

U 

<U 

fe 


P 

O 

P 

O 


,  CO 

co  g co 
co  H 

w  ill 

—  few  PQ 
o  fe  o  „  fe 
wo  O  feO 

O  VOO  o 

XVO  O  VO 
-P  P  VO 
•h  p  id  P 

>  CC3  ,  P  03 

cti  L  X  CJ 

JH  X  P  <D 

O  P  -H  0)  g 

•H  CO  g  3  1-1 

hwp3h33w 

PPiOHOHHW 
<  <up  o>  p  o  a 
P  £>  t->  r5* 


•  pH  •  H  •  H 

co  h  co  H  co  Pi 

P  OP  O  P  O 

O  O  O  O  O  O 


co 


•H 

O'-' 

PhO 

p 

•H  CO 

S  a 


p 
P. 
<u 
o 
u 
<u 

<U  fe 


p 

0) 

o 

u 


X 
p 
•H 

§ 

•  hi 
OJ  o 

fe 


CO 

co 

Rj 

2 


co 

I 

X 

P 

•H  r* 
§° 
5 


H 


M 

6! 

X 


X 

p 
•H 

8!  £ 

x  6 

CO  H 
CO 

oj 
S 


CO 

.  CO 

CO  E 

h  a 

o3  ; 

3  P 

S  c 

q  pq 

r  •) 

•!  <  U 

I.  j  (  / 

* 

f‘>  >  t 

O'  r 

i  . 

t  / 

( >  >  ( 

1  ; 

l'J  - 

( 

► 

/O'  — rf 

i  ■ 

— 

r - 

r  *  - 

r  ,i 

. 

A.' 

-  . 

(  <1  (  j 

i 

,  CO  < 

_ 

— ■  —j 

— 

t 

r-< 

r 

1  <  1/, 

/*vi  / 

10  .0 

• 

<  0 

« 

• 

« 

♦ 

. 

, 

• 

to 

-  L 

C>  <  ■, 

- 

,  •  / 

-  : 

O' 

’  ( 

• 

» 

« 

♦ 

♦ 

• 

C  >ro  . 

(  J  /  i  * 

O'  C  '  C  '  C  '  c '  C '  O' 


( •, 


■  '  >  I  ' 

;  •/  i  .  <  •; 


C  ...  (  C  i  ('  j 

(■(  ’i  -  - 


z'  A 


a 

I 


t—  tA- 
LT\  UA 
i — i  i — I 

UA  UA  [  O  O  O  O  CO  CO  OOJ- 
CO  COCO  fO0OO\O\rl  H  H  0\ 


O  O  OJ 
CA  0^  f- 
rH  r— I 


LA  UA  O 
OJ  OJ 


rH 

3 


i — i 

cd 


H  CA 
H  VO 
CVJ 


VO  VO 

CO  00 


O 

CO 


UA  IXA  UA 
rH  H  OJ 
CO  00 
-4  -St 


cvj  ?Rfd 

A-  A-  CA 

J;  ovo  ovo  H  r)CO  UAO0  ONfO 

OJ  VO  ua,4  HCOoOCACAOCOH 


UA  I— I 
OJ  CO 
-4  -4 


WWt-HH0  04-4-V0  4-t- 

H  O  C---4  -4  rH  H  OJ  t—  OJ 

CVJ  CVJ 


VO 


oj 

CO  CO  CO 
O  VO  H 

H  t-oj4  OJ 
CA  C\  rH  I — 1  CO 

co  co  oj 


stag 

♦  *  • 

co  J-  o 
-4  -4 


00  CO 
CO  UA 
UAJ- 

o 

CO 


On 

C— 

• 

-3* 

OJ 


CA  UA  VO 
O  CA  CVJ 

-4*  cavo 

°^0J 


UA 


UA 


CA  OJ 

o\  o 


o  A-,4 
HQD-J- 


O  -4 
I — I 


UA  H 
i — I  -4 
OJ 


ca  oj 

C —  OJ 


UA 


CO  o 

CO  UA  VO 

CO  o  co 

UA^J-  CVJ  OJ  COOVONO  J- CVJCV1 

CO  UAO-COVO  A-  O-  O  OV  O  00  CO 


coco  c- 

O  CA  OJ 

-4"  co  A— 
CO  UA  OJ 
UA  CO 
CO  UA 

i — 1 

• 

o 

CVJ 

UA  COCO 
CA  CA  CVJ 


CO  H  VO  VO  A- VO 
-4  UAH  CJOO 
CO  CO  OJ 


O  O 


UA 
i — I 


-4  VO  -4 
H  LOCO 
OJ 


C 


oj  vo  co 

UA  o  OJ 
UA_4 
UA  VO 
UA 


0 


< — . 

CO 

p£ 

<u 

pc 

ri 

£ 

S 

•r1 

O 

+= 

P 

S 

C 

o 

o 

H 

12 

1-^ 

X 

f— 

i- 

H 

£ 

1* 

H 

h* 

P 

PC 

< 

P 

EH 

& 

EH 

-4 


OJ  -4  UA 

i — 1  i — I  OJ  i — | 

UA  .4  f- 

CO  A—  A-  H  CO  A-  A—  CO  t —  H  CO  CO  00 
VO  H  rH  rH  CO  A-  C —  O  OA  O  A—  OJ  H 


H  VO 

H  CO 


O  VO 

rH  rH 

co  co 


H  CO  H  H  O  O  O  UA.4 
H  COOVUA1A  H  H 

OJ 


rH  CA  co  VO  co  CA 

C  CO  H  CO  CA  CVI 

OJ  UA  CA 

VO  VO 
O 


CO 


-4  [A-  rH 

CO  CO_4  rH 

OJ  o  co 

fOH  O  OJ  VO  VO  VO  -4  O  r— 1  CACO  C0CACVJ 
VOCO  HHVO  HHO  O  O  QCO  uaVOH 


O  UA  t —  UA_4  -4  co  o  O  O  O  rH  COCO 


IA-  a- 
0J  0J 


4-  OMAUA 
OJ 


H  H  00  CA 
0J 


OJ 


i — I 


O 


rH  rH 

CL,  PL, 
PQ  PH 
H  H 


CA  0J  O 
O  O  CO 
-4"  -4 
A- 


co 


o 

• 

O 

UA 

C — 

OJ 

1 — 1 

CJ\  O  CO  rH 

UA 

-4 

o 

CO  0J  CAVO 

c — 

CO 

CA 

vo 

H  d  CO  VO  vo 

o 

OA 

UA 

-4 

UA  UA  CA  UA 

OJ 

0J  0J 

CA 

-4 

A— 

-4 

g 

1 — 1 
o 

4  irvo  Ov 

-4 

CA 

A- 

0J  ,4  A—-4 

A- 

A— 

O 

a 

UA  A—  O  CA  CA 

o 

CA 

co 

0J  VO  CA  UA 

CA 

OJ 

0J  0J 

VO 

H 

00 

O 

h— 

L 

CO 

UA 

CA  o 

o 

o 

o 

o 

W) 

u 

c5 

,03 

O 


VO  VO 

co  co 

UA  UA 

CO  co  O  VO  VO  VO  VO  A-  A-  A-  O 
OJCVIOCOCOCOCOCOCOCO  O 


i — I  i — I  o 
vo  vo  o 

OJ  OJ  H 


O  rH 


i — Jr — I  O 

o  o  o  o 

co  co  co  h 


vo 

co 


CO 


(Of  • 


C C'  > 

<  > 


C' 


(  ‘  -  <  '  > 


i-  -  r  -  - 


f  • . . .  h  i  / 


10  t  f;  r  o 


(  /  o 


( 


/  /  •  .  -  - 


— "3 


r»> 

« 

4 

»  • 

•» 

• 

ry  c' 

«  •  •  • 


f  ■  / 

« 


C '  0 ' 

( '/  (  • 

C.'C.'C  'C'  <  '  < 


r  •  r  ,  <  / 


r  -  ( ■  > 


:  O '  '  ' 


•  ^  N 


.  • 

.  • 

- - - 

V-.  > 

—  ■ 

* 


;  1  f  : 


r. 


Co, 

v 

i  • 

!  1 

r  ■. 

.  *i 

« 

• 

* 

^  >-1  « 
>  h 


(■' 


CO 

$ 

PQ 


ON  ON 
LT\  UN 

_ _ j  f _ | 

O  O  UN  ON  ON  o  O  ON  ON  ON  VO 
vo  vo  vo  cvj  oj  cn  on  co  co  coco 


ON  ON  CO  UN  UN  O 
On  On  in-  oj  OJ 
d  t— I 


cd  cd  oj 

CVJ  CNJ  OJ 


o 

in- 


CO  00  On 
CO  CO  OJ 

t- —  f —  LCN 
-4  -4-  OJ 
O  O 

UN  LTN 


C 


CO  CO 

&  SS 

■S'wS'rtrtcocd'S'S'o 


8 


UN 

CO 


UN  H  CO  COCO 

"S’Hcd 


H  O  O  vo  vo  co  vo  vo 

-4  i — |  i — |  CO  f —  CVJ 

CVJ 


CO  VO 
ON  CO 


OJ 

CO 


vo 


co 

vo 

CO  -4 
ON  OJ 


r— J 
I— I 


UN  UN 
IN-  t — 

vo  vo 

CO  co  o  O  vo  vo 
IN-  t— CO  CO  CO  00 


UN  H 
CO  ON 
CO  PO 


d 


UN  CO  CO  CO 
CU00  4-4- 

CVJ 


o  o 


CO 

co 

CO 

cvj 


-4-  -4 

i — I  i — I 


-4-  UN  . 
On  On  o 

OJ  d 
UN  <3 
CVJ 


co  H  vo 
vo  H  OJ 
UN  VO 
UN 


cd 


vo 


OJ  -4 
o  cvj 


-4  vo  C— 
CVJ  CO  OJ 
UN  i — i 

vo 


1 — 1  On 

ON 

ON 

IN-  On 

1 — 1 

OJ 

O  -4 

UN  ON  CO  CO  Cd 

ONONH 

CO  In-  O  ON 

UN  N—  CO  OJ  CO  IN-  IN- vo 

UN_4  VO  CO 

UN  . 

UN  H  rH  VO  tN-  IN- VO 

O  O  -4  -4  IN-  unvo 

-4  UN  1 — |  coco  -4  -4 

rH 

1 — !  vo  (-O  1 — 1 

co  co  cj 

OJ 

VO 

IN- 

ON  ON 

-4 

UN 

ON  On 

rH 

ON 

ON  ON 

CO  UN  CN- 

I — I  I — I  I — 1 


-4 


ON  On  CVJ  .4  _4  C —  t—_4  -4 
-4  OJ  VO  t—N-t—C— tN-t— 


CO  -4 
O  H 
CO  CO 


H  co 

i — I  -4 
OJ 


H  ON  ON 
ON -4  -4 


O  O 


-4  -4 
rH  rH 


cd 

OJ 

oo 

OJ 


OJ  CVJ 

oovo 
o  oj 

ON  i — I 


o 

UN 


UN  H  CO 
CO  IN-  OJ 
UN  VO 
VO 


ON  ,4  IN- 
ON  i — I  i — I 

H  COON 
t — -4  OJ 
UN  Cd 
iN- 


P 


0 


co 


-4  -4  O 

rH  O  O  H 

VO  VO  VO 

LfN  UN  tN-4  4  vo  VO  co  004  4  CO  IN- H  tN- 
,4  IN-COO  O  c- —  IT —  IN —  C —  ON_4  CO  -4  VO  CO 


UNO  t—  UN_4  CO  CO  O  O  ON  ON  H  COCO 


UNCO  ON 
O,  CO  OJ 


CO 

cvj  oj  oj 

0J 

covo 

d  j 

H  IN- 

0  ( 

CO 

P 

• 

P  ! 

CO 

IN- 

•H  O 

N — 

VO 

P 

UN 

-4 

P  £5 

IN-  0J  CO  CO 

UN 

1 — 1 

CO 

O  < 

O 

_4  CVJ  P  CO 

IN- 

ON 

VO 

O  H 

CM 

•  •  •  • 

• 

• 

• 

-  a 

oj  c—  In-  co  t>-  un 

UN  UN  vo  ON  UN 

O 

ON 

UN 

1 

P 

CXI  CVJ  CVJ 

IX 

3 

- 

UN 

OJ 

IN- 

• 

-4 

F-q  M 

UN 

CO 

P  1 

Q 

0 

UN 

-4  VO  -4  CO 
CO  UNCO  CVJ 

.4 

UN 

IN- 

<;  p 

In- 

CO 

CO 

p 

p 

rH 

•  t  •  « 

• 

• 

• 

*-  1 

UN  O  IN-  O  ON  CO 

0 

ON 

CVJ 

OJ 

FH 

CO_4  —  ON  UN 

CVJ  CVJ  CVJ 

UN 

t 

p 

p 

• 

-4 

vo 

rH 

p 

1 — 1 

vo  H  d 

CO  ON 

d 

I — I  I — I 

P  p 

pq  pq 

H  H 


0 

iaO 

U 

cd 

A 

o 


-4  -4 
oo  co 
t—  C- — 

O  O  O  On  On  vo  vo  un  un  un  o 
OOO440CO444O 


i — I  i — I  O 
IN-  IN-  O 
CVJ  OJ  H 


o  OJ  OJ  OJ  o 

cd>0>0>3 


ON 

-4 


P 

O 

•H 

-p 

o 

cd 

^  u 

^  P 


P 


o'5 


0 


p 

0 

-H 

^  P 


10 


co 


•'-*  co 

co  r— 1 

d  S 


00 

n 


CO 


43^0  PO  P 
Wo  — 'O  O  PO 
L  o  VOO  o 
-P  XVO  O  VO 

d  tN-p  -p  vo 
0)  p  -H  p  cd  P 

O  -H  |>  Cd  -P  cd 

P  >  cd  ^  X  cd 

0  cd  U  >3  -P  0 

p  U  O  -P  *h  0  S 

O  *H  w  JEj  p 

H  0  P  p  H 

CO  H  P  P  0  H  O 

cd  p  <;  0  p  o  > 

S  <;  P  > 

•  •  • 

•  •  pH  •  pH  •  pH 

0  p  0  p  0  Ph 

P  O  rO  O  P  O 

000000 


0 

I 

p 

o 

0 


pq 

-p 

p 

0 

o 

p 

0 

p 


to 

,p 

o 

p 

o 


p 

o 

Jj> 

id 

•H 

O'—* 

PO 

d 

•H  CO 

s  £ 


p 
p 
0 
o 
u 
0 
0  p 


Id 

td 

0 

o 

P 


X 
p 
•H 

§ 

. .  p 

0  O 
p 

H 


co 


P 

X 

P 

•H  r  ^ 

>o 

cd  w' 

O  X 


H 


p 

•H 

a*  s 

X  o 


rH  P 

o  o 


d 


0 

0  p 

to 

H 

0 

0 

0 

id 

cd 

cd 

cd 

< 

S 

S  X  s 

• 

.  0 

• 

0 

£•  0 

g 

g 

3 

3  cd 

0  s 

§ 

pq 

4  'i  !-  /  U 


■  -  -  V  •  t  C 

:  '4  <,ij  — :i  -  -i-  :  -  — c  •  i . 


.  (  •'*  : 


<  r>> 


■  ■  ■'  <  ■-  <"  •  r  ■'  t  ■’  •  r 


a> 

CO 

O/i  - 


co 

r-.  i  , 

* 

* 

• 

*  » 

«  • 

~ 

■  \/j 

. 

- 

* 

• 

« 

*  • 

•  • 

C  -  / 

j  ,ro 


1/ 

* 


/  . 


co  r  , 


•  • 


r  .  i  y>  c  -*■  ■  — i 

(  i  l  •/<  O  ’  ,  l ;j  i'j 


-  <4. 

V _ x 

/ — s 

^ — >  .. — X 

• 

♦ 

" - v 

44 —  r  4. 

.  •> 

*  •--! 

C' 

'  '  ^  _ 

C  V-l 

u  1  J  *  *  •  ’ 


c  ■. 


* 

•  »  • 


.j 

' 

:  • 


^  • 


* 

r  i. 

• 

«4a 

HEMPEL  TYPE  DISTILLATION  ON  RESIDUE  A 


CO 


pq 


o  o 
o  o 

CO  CO 

IAI/MAIAIAO  O  O  O  O 
-4-4  OJ  O  O  ON  ON  CO  CO  CO 


H 

tt- 


ON  ON  V0  U"\  LTN 
CO  CO  t~-  OJ  CVJ 
H  H 


O  O 


On  ON  On  CO 
O  O  O  t— 
OJ  OJ  CVJ 


CVJ  OJ  ua 
t—  It-  O 

UN  LTN  LT\ 
4  4  OJ 
14  f- 
4  4 


VO 


& 

C7N4 
OJ  It- 


8 


OJ  OJ 
UN  LTN 

oo  co  oj  cd 

UN  UN  CO  00 


UN  H 
OJ  CO 
4  4 


OJ 


rH  rH 
O  CO 

OJ 


o  o 

4  4 


O  O 


VO  VO  VO  It-  UN 
ON  ON  It-  ON  It- 

•  •  •  •  • 

4  -3-  -4-  CO  CO 
i — I  i — I  OJ  C" —  OJ 
OJ 


LTN 


ON  CO  LT\  t —  t—  OJ  OJ 


o  o 


LTV 

CO 


It-  O 
UN  O 


t  c — 

H  VO  VO 

99  o  o 

CO  CO  COCO  COrJH 
CSV  t— VO  CO  CO  CO  CO 


OJ  OJ  CO 
tt-  t—4 

ov  on -4* 
H  r— I  4 
OJ 


CO 

Ol 

d 


C\ 

00 


toco 

CO  r-J 


CO  4  vo 
ON4  OJ 
4  OJ 
UN 


(t-  lO^t 
iah  OJ 
•  •  • 

un  O  (t- 
CO  CO  0J 
VO  ON 
On  un 
UN 


VO 

On 

VO  O 
VO  4 


0J 

C-  It- 4 


CO  -4 
ON  on 
rH  CO 

On  VO  O  00 
t—  UN  VO  O 


LTN 
I — I 


0J  CO 


rH  LTNVO 
LTN  VO  CO 


-4-  ON  t—  un  o  4  vr\ 
CO  CO  OJ  ON -4-  4 
CO  04  OJ 


O  O  ON  ON -4  On  CJ 
to  CO  H 
OJ 


co  co  tt- 

4  t-CVJ 
CO  OJ 
CO  VO 

oo 


CO 


CO 

-4 

04 
VO  O 


ON  OJ 
It-  o 


-4'  -4 
-4  4 
It—  t- — 

CO  CO  O 
tc —  Cr —  0 — 


O  CO  D—00 
t-  It- VO  0J 


0J  C—  OJ 
VO  OJ  UN 


H  VO  tt-  CO  COCO  CO 
rH  rH  CO  ON -4  4 
CO  CO  OJ 


O  O  ON  ON  CO  OJ  ON 
VO  ON 
OJ 


0J 


0J  CO 

0J  LTNVO 

H  OJ  CO 

ONCOH  ONCOO-lr-OCOVOCO 
4-  UNCO  4  OJ  It-  tt-  It- V0  4  O 


U~\ 

t— 

t 


VO  LTN  CO 
VO  -4  0J 
CO  VO 
VO 


IN- -4  OJ 
tt-  O  OJ 


LTN 

CO 

OJ 


o 

ON 

OJ 


C—  O  VO  rH  H 
-4  ON  LTN  LTN 
OJ 


O  O  ON  ON  CO  VO  VO 
It-  ON 
OJ 


CO  CN  ON 
CO  OJ  OJ 
CO  O 
o  tt- 
t- 


rH 


-4-4  -4 

VO  LTN  LTN 

UN  O  O 

-4  IN-  Q  IN-  t—VO  VOONOnOJOON  OJVQCO 
-4  ON  CO  COCO[-~-t—  f—  t —  OJ  LTNrH  COCOON 


CO  CO  tt-  C—  ON4  4  O 
LTNVO  -4  ON  LTN  UN 
OJ  OJ  Ol 


ON 

4 


CO  OJ  o 

ON  O 
O  i — I 

Or  CLi 

pq  pq 

H  M 


ON  ON  CO  ON  CO 
00  ON 
OJ 


-4  CO  ON 
O  O  CO  OJ 
t--4  4 
•  tt- 
rH 


o 


<u 

to 

u 

d 

O 


vo  VO 
-4  4 


-4  4 
-4  -4 


0J  OJ 
ON 
OJ 

c—  It—  CO  CO  CO  o 
CO  CO  vo  vo  vo  o 


& 


CO  CO  o  o  o  o 

-4  -4  O  CO  CO 

0J  0J  H 


0-4-4-4  0 
CO  CO  CO  O 
OJ  OJ  OJ  rH 


-4 


O 

CO 


P"H 

O 


to 

K 


tj?- 


o 

d 


CO 


O  ^ 
VO 

^  tt-  £ 

o 

O  -P  *H 
^  d  -P 
o 

•  •  d 

PU  Pa  Pi 

6  B  Fn 

CD  CD 
EH  eh  'H 

K  K  ° 

aas 

d  d  d 
>  >  S 


co 

6 


CO 

1 

pq 


CO  -p 

g  d 

P>  CD 

pq  o 

u 

<H  CD 
O  PH 

CO  CO 
CO  CO 

d  d 
S  S 


• — 'O  (xiO  P 
O  '—'O  O  (x<0 

>.<8  '°°q  >8 
>>-P  P>  vo 
•P  -h  -p  d 
•h  !>  d  P 
>  d  >s  d 
d  'H  iNH 


PO-PH  CD 


O  *H  CO 

i — i  to  P  3 

H  Pj  fj  (D  H  . 

Pj  <  CD  Q  O  > 

<J  P  > 

•  •  • 

•  Pc  •  Pc  •  Pc 

to  Pi  CO  Pc  CO  Pi 

o  P  O  P  O 

O  O  O  O  O  O 


r  • ) 


< 

C  '  co 


l  (O  (  O 

Co  (o 


J  —  '  :  - 

.  ■  i :  c' 


-  -  - 

c  5  (•  v.  / .  co 

c 


b‘- 


:  t  O',  »  /  •;  :  •:  r  ,  .  co  -  c ' ' 


f  o 


if) 


<  oio 


I.  .--1 


.  .  I/J 

'/M 


<’  «  C'CVr  ■  .  -»  c  O  — .  Q /'■ 

O  r  / 


/V /  r 


.  r.  ’  -J)  -  ;  -1  -  -  (  C  (  :  co 

(  i  CO ,  .o  ■  -1  -  (  . 

i  ') 


ID 


(  . 


o 


.  C  ’  c  •  C  1 


■  -  o  O'  C  ' 


1  if)  U)  l  J 


J  (o  ■  >  J  . 


"  - 


■ 

.  .  r 


'T> 


• 

•s _ ✓ 

- 

v _ ^ 

w '  . 

. 

c.  C' 

C  ' 

c  >  r-I- 

^ — s. 

K  l; 

» -i 

!  • 

• 

* 

. 

U 

J 

!  »• 

• 

• 

i  A  •'■■■ 

* 

• 

m 

• 

•  «  » 

* 

. 

o 

l  .A 

: 


B29783 


